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PHYSIOLOGY 


ELECTROPHYSIOLOGICAL PROPERTIES OF CERTAIN MUSCLES OF 
WARM-BLOODED ANIMALS AS RELATED TO THEIR TONICITY 


N.F. Skorobovichuk 


From the Laboratory of Evolutionary Physiology (Head—Doctor of Biological Sciences 
Professor E.K. Zhukov) Physiological Institute, Leningrad State University 


(Received July 2, 1958. Presented by Active Member of the AMN SSSR V.N. Chernigovskii) 


It has been shown by many Russian and foreign workers [1-11] that considerable differences are to be found 
in the peripheral motor apparatus of warm-blooded animals: certain muscles are darker in color and show a 
greater tonicity. These slow, tonically contracting muscles differ in several respects from those which act more 
rapidly: the time for a single contraction is shorter, their tetanus shows certain distinctive features, the reflex 


excitability is lower, and they are less readily fatigued. 


Practically no studies have been made in which the electrophysiological properties of the "rapid" and 
"slow" muscles have been compared. On this account, we have used the method of recording action potentials 
to obtain further information on the mode of action of these two kinds of muscle. 


METHOD 


The experiments were carried out on 12 cats under amytal anesthesia (80 mg of sodium amytal per kg). 
Two pairs of muscles were used: m. soleus and m. gastrocnemius, and m. rectus and m. vastus lateralis. The 


muscles of each of these pairs are synergists (more precisely: heads of the same muscle), but, according to many 
authors, the m. soleus and m. rectus differ in showing a higher tone than do the corresponding gastrocnemius and 


lateralis muscles, 


Steel needle electrodes were used and the muscle action potentials were led off simultaneously from both 
muscles of each pair; rhythmic stimulation was applied to the peripheral end of the common nerve trunk (n. 
femoralis for the m. rectus and m. vastus lateralis, and n. ischiadicus for the m. soleus and m. gastrocnemius). 
The branches of these nerves to the adjacent muscles were cut. The potentials were recorded on an Ediswan ink 
writer, whose frequency response was linear from 0.2 up to 90 c/s. The upper frequency limit of the oscillograph 
is not sufficiently high to avoid distortion in recording the amplitude and shape of the muscle action potentials; 
however, this does not alter the indication of the functional indices which were used for comparing the different 
muscles. These indices were as follows: 1) the threshold stimulus strength which caused the appearance of 
muscle potentials; 2) the kind of alteration in the stimulus rhythm; 3) the amplitude and duration of the so- 
called “staircase phenomenon”; 4) the constancy of the muscle action potentials following long duration stimulus 
of the nerve at a frequency corresponding to the development of postural tonic contractions (15-35 per second). 


RESULTS 


The results of the experiments show that the nerve muscle preparation of the n. ischiadicus — m. soleus 
usually shows a lower excitability than the n. ischiadicus — m. gastrocnemius preparation (Table 1). 


D. Denny-Brown [5], using a myographic method, found a similar distribution of thresholds for these pre- 
parations; he observed that,in many cases, with a weak stimulation of the common motor nerve it was possible 
to elicit a marked contraction of the m. gastrocnemius without any response from the m. soleus. 
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TABLE 1 


Threshold Excitability of Different Nerve Muscle Preparations 


Total number of 
Name of muscle pair | determinations of Number of determinations in which the threshold was 


threshold 


iat higher in m. soleus than | higher in m. gastrocnemius 
1€ Sa 

m.soleus ~ m. in m. gastrocnemius than in m. soleus 
gastrocnemius 


higher in m. rectus than in| higher in m. vastus lateralis 
the same 
m.rectus — m, m. vastus lateralis than in m. rectus 
vastus lateralis 


On comparing the thresholds of the n. femoralis — m. rectus with that of the n. femmoralis — m. vastus later- 
alis, it can be seen that in most cases the excitabilities are the same. However, sometimes (see Table 1) there 
are differences. The indirect excitability of the slow m. rectus is sometimes lower and sometimes higher than 
that of the m. vastus lateralis. 


Observations on change of rhythm occurring in the four nerve muscle preparations described above were 
made first by steadily increasing the frequency of the stimulus applied to the peripheral end of the nerve of 
the pair of muscles, and secondly by applying a series of stimuli of known frequency at 10-minute intervals. In 
spite of the considerable variability of the results, the difference in the transformation of the rhythm by the m. 
soleus and by the m. gastrocnemium was very marked. For the m. soleus, the first signs of an alteration in the 
rhythm occurred at a frequency of 80-90 per second. Further increase in the stimulus frequency led to a still 


more marked alteration (Fig. 1, a), and at values lying within the range 130-150 stimuli per second, the effect 
of the transformation was to reduce the frequency by two times (see Fig. 1, b). With prolonged stimulation at 

a frequency of 150 per second, a change-over occurred to a more complex relationship between stimulus fre- 
quency and recorded rhythm, and the transformed rhythm became irregular. Typically, the m. soleus was able 
to maintain this complex transformation of the rhythm for a considerable period lasting several seconds (see Fig. 


On further raising the stimulus frequency, it could be seen that the frequency range over which the altera- 
tion in the rhythm could be observed (from the frequency at which the alteration first appeared to that at which 
there was a definite counting down effect) was quite small. In our opinion,this indicates a fairly high degree of 
uniformity of the action time of the motor units of the n. ischiadicus — -m. soleus preparation. 


The reaction of the m. gastrocnemius to an increase in stimulus frequency is very much more complex. 
At a comparatively low stimulus frequency (about 50 per second),fluctuations in the amplitude of the potentials 
are to be observed (Fig. 2, b). With increase in frequency, these fluctuations become more marked, and the trace 
presents the appearance of a number of spindles placed end to end. Superimposed on these fluctuations,there may 
also be an alternating rhythm (see Fig. 2, c). However, it is not easy to determine the frequency of stimulation 
which corresponds to the appearance of this alternating rhythm, since in most cases it is irregular and not well 
marked. The maximal frequency of the electrical response which we were able to record was 130-150 per second, 
the limitation being due to the frequency response of the apparatus. In many cases, the m. gastrocnemius re- 
produced the stimulus frequency unaltered. In other cases, stimulation of the nerve with a frequency of 150 per 
second led to a frequency division of two. However, in both cases, the amplitude of the muscle spikes fell to 
zero within a fraction of a second (see Fig. 1, b’ and c’). 


From what has been said, it can be seen that it is scarcely possible to draw any conclusion as to the abso- 
lute values of the lability of these preparations, because the experiments were carried out on anesthetized animals. 
The facts reported indicate only that the m. gastrocnemius can reproduce,unaltered, a higher frequency stimulus 
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than can the m. soleus. However, the response 
for a very short time, and is followed by com- 
plete cessation of activity, whereas the m. 
soleus continues to respond to the stimulus for 
a considerable time, and does so by producing 
action potentials at an altered rhythm. There 
is no need to describe separately the trans- 
formations in rhythm of the m. rectus and m. 
vastus lateralis, since their reactions to an 
increase in stimulus frequency closely resembled 
those of the m. soleus and m,. gastrocnemius, 
respectively. 


When the frequency of stimulation of 
the motor nerve is sufficiently low (from 10 to 
50 stimuli per second), the action potentials 
in all four muscles investigated do not attain 
their maximum size immediately. For a quite 
considerable time after the onset of stimula- 
tion, the phenomenon known as the "staircase 
effect" can be observed. Table 2 shows the 
average results for a staricase effect (relation 
of maximum amplitude of spike to the initial 
value), and the time during which the spike 
amplitude increases. 


It can be seen from Table 2 that during 
the first few seconds of excitation, the ampli- 
tude of the action potentials of all four muscles 
increases almost twofold. The m. soleus and 
m. rectus show a somewhat greater increase 

in amplitude than do the m, gastrocnemius and 
m. vastus lateralis. However, there is no ap- 
precialbe difference between the quick and 

the slow muscles in this respect. However, the 
difference between them emerges very clearly 
when a comparison is made of the time during 
which the increase in spike amplitude occurs. 
In whatever way the staircase phenomenon is 
explained, whether it is due to a long-continued 
increase in excitability or whether to a gradual 
increase in the neuromuscular units involved, 
the figures show that the attainment of the 
maximum level of activity in the muscles with the higher tone takes considerably longer than in the more quick- 
ly acting muscles, These results of ours agree completely with the myographic observations of other authors 

(6, 12, and others}. 


Fig. 1. Electrical response of the m. soleus and m. 


gastrocnemius to stimulation of the sciatic nerve. 

a) Action potential of the m. soleus at a stimulus fre- 
quency of 105 per second; a‘) potentials led off simul- 
taneously from the gastrocnemius; b) potentials of the 
n. soleus at a stimulus frequency of 160 per second 
(the frequency of electrical response of the muscle is 
80 per second); b') potentials of the m. gastrocnemius 
for the same frequency of stimulation (there is no 
transformation of the rhythm at the onset of stimu- 
lation); c) continuation of trace b after 7 seconds; c') 
continuation of trace b’ (the cross shows a peak of the 


electrocardiogram). 


The right hand part of Table 2 shows the average time of continuous tetanic stimulation in the different 
muscles which is required to cause the amplitude of the spike to fall to 50% of the maximum value. It can be 

seen that the rate of reduction of the electrical response in the m. soleus and m. rectus is several times less than 
in the m. gastrocnemius and m. vastus lateralis. This shows the far greater stability of the excitatory process of 
the slow muscles in relation to continuous stimulation. 
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Tosum up these experimental results, we may note: 


1. The slow muscles of the cat attain maximum 
activity far more slowly than do the quick muscles, and 
similarly, when measuring the response from the onset 
of rhythmical stimulation, they are also much more 
stable in maintaining a response to maintained stimu- 
lation at various frequencies from 10 to 150 per second. 


2. The nerve fibers of the common nerve trunk 
innervating slow muscles are,in most cases,less excitable 
than those supplying quick muscles, although the reverse 
relationship may sometimes be found. 


3. In the case of indirect stimulation of the slow 
muscles, transformation of the rhythm occurs at a lower 
stimulus frequency than for the quick muscles, The 
former are able to maintain a transformed rhythm for 
a long time. The quick muscles are capable of respond- 
ing to a higher rate of stimulation without any change of 
frequency, but they lose the ability to respond within a 
fraction of a second. 


Fig. 2. Action potentials of the m. gastroc- 
nemius on stimulating the sciatic nerve. 
a) Stimulus frequency of 23 per second; b) 
stimulus frequency of 48 per second (no- 
ticeable sinusoidal fluctuation in amplitude 
of potentials); c) stimulus frequency of 100 
per second. 


All these considerations must be taken into account 
in working with a nerve muscle preparation which includes several muscle heads. It is only in this way that it is 
possible to give a correct description of the relationship between the type of contraction and the frequency, 
strength, and duration of the stimulus. 


TABLE 2 


Time to reach the maximum spike Ratio of maximum to initial Time for amplitude of spike to fall 
amplitude (in seconds) amplitude (in % to one half (in minutes) 


m. soleus m. gastrocnemius m. soleus m.gastrocnemius m. soleus m.gastrocnemius 


55 


m. rectus m. vastus lateralis m. rectus m. vastus lateralis 


45 10 199 128 


SUMMARY 


Action potentials in response to rhythmic stimulation of the motor nerve were registered from the quickly 
and slowly contracting cat's muscles. Slow muscles take a much longer time to reach the maximal amplitude 
of the spikes, counting from the commencement of the stimulation,and are characterized by a much greater 
stability of the amplitude in prolonged stimulation. The nerve fibers innervating the slow muscles are,in the 
majority of cases,the less exitable ones. In indirect stimulation,slow muscles begin to transform the rhythm at 
a lower frequency of stimulation than the quick ones, These muscles are capable of maintaining the trans- 
formed rhythm fora long time. Quick muscles, producing a higher rhythm without its transformation, lose their 
ability to respond to frequent stimulations very rapidly (in fractions of a seond). 
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EFFECT OF STIMULATING A SYMPATHETIC NERVE ON THE IONIC 
CONSTITUTION OF FROG SKELETAL MUSCLE PERFUSATE 


S.A. Oreshkevich 


From the Pharmacological Laboratory (Head — Professor N.P. Sinitsyn) S.M. Kirov Gor'kii 
Medical Institute 


(Received May 16, 1957. Presented by Active Member of the AMN SSSR V.V, Zakusov) 


In spite of the demonstration by L.A. Orbeli of the trophic adaptive influence exerted by sympathetic 
nerves on frog skeletal muscle, until now, the nature of the substances exerting this effect on fatigued muscle 
has not yet been established. 


Many suggestions have been put forward [3, 5, 6, 7, 8, 10, 14, 15}. 


The results obtained in our laboratory indicate that stimulation of a sympathetic nerve leads to the pro- 
duction, in frog skeletal muscle perfusate, of active substances which increase the electrical conductivity and 
acidity of the perfusate, as well as the working capacity of the fatigued muscle. 


Changes in electrical conductivity of aqueous solutions may be brought about by changes in electrolyte 
concentration. The explanation of the nature of the change in the electrical conductivity of the perfusate fol - 
lowing sympathetic nerve stimulation is of considerable interest. The present work consists of a study of the ef- 
fect of sympathetic nerve stimulation on the ionic content of skeletal muscle perfusate. At the same time, an 
attempt has been made to detect,in the perfusate,ions which may exert an effect on muscle similar to that of 
sympathetic nerve stimulation, and to exclude the effects of protein and other organic compounds. 


METHODS 


The perfusate from the hind feet of the frog was collected before the muscle was made to do work, during 
the working period, during the fatigued state, and during sympathetic nerve stimulation. 


Separate portions of the perfusate were evaporated to dryness, heated in an oven at 300-400°, and after 
cooling, were dissolved in distilled water, after with the volume was made up to that of the original perfusate. 
Ringer solution, treated in the same way, was used as control. 


The perfusate was tested on the frog heart, isolated by Straub's method. 


In 20 experiments, 118 portions of perfusate and of Ringer's solution were examined. 


RESULTS 


In most experiments, the contractions of the heart after bathing in the perfusate taken from the working 
muscle were of greater amplitude than those of the heart treated with the perfusate from the resting muscle. 


In 85% of the cases, a frog heart treated with perfusate from a fatigued muscle gave contractions of smaller 
amplitude than did one treated with a perfusate from a working muscle. In 85% of the cases treated with a per- - 
fusate from a frog to which sympathetic stimulation had been applied, there was a marked increase in cardiac . 
contraction, while in the remaining 15% of the cases, no definite result was obtained. 
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Fig. 1. Effect of the perfusate from a fatigued muscle (y) and of a “sympathetic” per- 
fusate after heating (ft ), and of normal Ringer's solution (J) on the isolated frog heart. 


Fig. 2. tT shows effect of adding solution of dried extract of “sympathetic” per- 
fusate; on the left is shown the effect of adding an extract of Ringer's solution 
treated in the same way; | ) shows the effect of adding normal Ringer's solution. 
Isolated frog heart. 


Pure Ringer solution, after treatment, showed the same effect as did untreated Ringer, while treated perfu — 
sate taken after sympathetic stimulation again produced a positive inotropic action. 


It was necessary to find what ions are concerned in reducing fatigue in skeletal muscle on sympathetic nerve 
stimulation, and what ions applied to the isolated frog heart can reproduce the effect of the treated perfusate 
obtained after sympathetic stimulation. 


Potassium ions are known to exert a negative inotropic action. Therefore, the positive inotropic effect on 
the isolated heart can certainly not be due to the action of K’ ions. 


Additional evidence against potassium ions being involved is afforded by the vascular reaction occurring 
during sympathetic nerve stimulation, when the number of drops per minute of perfusate is reduced. Many ex- 
periments were carried out to test the effect of Na’, Ca", and Mg” ions on the frog Straub heart preparation, by 
applying solutions of CaCl, NaCl, MgCl, and MgSO,. Various concentrations of the ions in Ringers solution 
were tried. 


On comparing the effects of these solutions,in concentrations which increase the electrical conductivity of 
the solution by approximately the same amount as did the perfusate obtained after sympathetic nerve stimulation,it 
was found that only the Ca” ion gave the same effect. 


Sympathetic nerve stimulation caused substances to appear in the frog skeletal muscle perfusate which in- 
, creased the working capacity of fatigued muscle, increased the electrical conductivity of the perfusate, and which, 
Fi when tested on an isolated frog heart,caused a positive inotropic effect. 


Treatment of this perfusate caused no change in the extent of its action on the heart. 


Many authors, using many different methods on other preparations, have come to a similar conclusion. 


The action of acetycholine liberated by stimulation of the nerve is associated with the liberation of 
calcium ions, and,in this reaction,it is possible that acetic acid formed during the hydrolysis of acetylcholine 
under the influence of cholinesterase may be involved [6, 7]. 


There are some indications that potassium reduces fatigue, i.e, increases the contractions of fatigued muscle 


[2]. 


5 It has been shown that calcium ions sensitize myosin to the action of adenosinetriphosphate [15]. 


On increasing the concentration of calcium chloride in this isolated salivary gland, an increase in the 
secretion is found which is similar to that occurring on stimulation of the sympathetic nerve [11]. 
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It may, incidentally, be pointed out that if the frog suffers from any sort of pathological condition (renal 
adhesions, hemorrhage, cardiac changes, etc.), stimulation of the sympathetic nerve either causes no change in 
the electrical conductivity or in the pH of the perfusate, or else makes it more alkaline and reduces the conduc- 
tivity. 


Evidently, the effect of sympathetic nerve stimulation depends on the general condition of the animal. 


SUMMARY 


The author investigated the nature of the substances which influenced the skeletal muscle in stimulation 
of the sympathetic nerve. It was established that by stimulating the sympathetic nervous system, active substan- 
ces appear in the perfusate of the frog's skeletal muscle. Evaporation of the perfusate with subsequent calcination 
of the dry residue and its disolution in distilled water,does not remove the positive effect exerted on the frog's 
heart. Of the ions tested (Na’, Mg", and Ca"),the picture analogous to the action of the "sympathetic" perfusate 
is obtained only in the case of Ca". 
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COMMUNICATION I. EFFECT OF POTASSIUM AND CALCIUM ION6 ON THE 


DEVELOPMENT OF SPINAL SHOCK 


G. N. Sorokhtin and T. A. Chumakova 


From the Department of Physiology (Head — Professor G.N. Sorokhtin), Khabarovsk 
Medical Institute 


(Received March 3, 1958. Presented by Active Member of the AMN SSSR V.N. Chernigovskii) 


The work of L.L. Vasil'ev [1] and his co-workers has shown that the effect of calcium ions on the nervous 
system is to increase thepolarization, which leads to a condition similar to anelectrotonus. The calcium ions, 
acting as does the anode of a direct voltage, eliminate the parabiosis which has developed, and prevent it from 
becoming established. Under the same conditions, potassium ions cause depolarization, lead to catelectrotonus, 
and finally cause cathodic depression, and the development of parabiotic inhibition. 


Tests by many physiologists [2-8] have confirmed the opposite effects of mono - and bivalent ions on the 


frog spinal reflexes. 


The fact that calcium ions oppose and potassium ions assist the development of parabiosis of the spinal 
nervous system makes it possible to use these opposite effects in studying the development of spinal shock. If 
spinal shock represents a depression of a parabiotic type due to over-stimulation of the spinal nerve centers by 
impulses from a traumatized region, then potassium ions, by acting parabiotically, would be expected to facili- 
tate the development of spinal shock and make it more profound, while the effect of calcium ought to oppose 


the development of shock or reduce it. 


METHOD 


In the first experiment on frogs (Rana ridibunda), the whole spinal cord was exposed. The éxperiment was 
continued one hour or more after the laminectomy, when the posture of the animal and its movements and re- 
flexes had returned to normal. Before making the first spinal section, made between the first and second segments, 
and the second, made below the pelvic enlargement, a plug of cotton-wool moistened with a 1.74% solution of 
calcium chloride or with a mixture of equal parts of Ringer's solution and an isotonic solution (0.79%) of potas- 
sium chloride was placed for 15 minutes on the dorsal surface of the spinal cord. In some experiments, a third 
spinal section was made one segment below the second. Before sectioning the cord, and after, measurements 

were made of the threshold for the flexor reflex of the hind limb, by stimulating the skin of the foot with a cur- 


rent from an induction coil. 


In the second experiment, the same solutions were introduced into the posterior lymph sac of Rana chen- 
sinensis. Reflex thresholds were measured from the contraction of the semitendinosus muscle in response to 
faradic stimulation of the peroneal nerve. 


RESULTS 


The results of the first experiment,in which isotonic CaCl, or KCl solutions were applied to the posterior 
surface of the spinal cord, are shown in Table 1. 


As can be seen from the Table, after spinal section between segments 1 and 2, spinal shock occurs most 
frequently in experiments in which CaCl, solution is applied, while increased spinal reflexes are found chiefly 
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TABLE 1 


Effect of High Spinal Section on Spinal Reflexes of the Posterior Limbs after Application 
of CaCl, and KCI 'o the Dorsal Surface of the Spinal Cord of the Frog 


Experimental 
conditions 


Conditions after 
chordotomy 

Spinal shock 

Steady level of excitation 


Increased spinal reflexes 


Total 


after application of KC] solution, Statistical treatment of these results showed that chi squared is equal to 25 
(p=0.01), and this shows that the relation between the substance applied to the spinal cord and the condition fol- 
lowing chordotomy is significant. 


A second spinal section below the pelvic enlargement separating the pelvic girdle and front legs from the 
hind legs, produced the sarne results as did a high spinal section (Table 2). The results shown in Table 2 are even 
more highly significant, and chi squared is equal to 51 (p = 0,01), 


TABLE 2 


Effect of a Second Spinal Section, Made below the Pelvic Enlargement, on Hind Limb 
Spinal Reflexes after Application of CaCl, and KCl to the Dorsal Surface of the Frog 
Spinal Cord 


Experimental 
conditions Control (Ringer's 


Conditions after solution applied) 


chordotomy 
Spinal shock 
Steady level of excitation 


Increased spinal reflexes 


Total 


A third spinal section, made one segment below the second in 10 frogs, produced the same condition as 
did the first two sections, but did not change the level of excitability of the spinal centers. 


The results of the third experiment are shown in Table 3. 


In this experiment, as in previous ones [9], we found that after spinal section, the following characteristic 
conditions could be observed: spinal shock, increased spinal reflexes, and general traumatic shock. The con- 
dition of these three conditions could be clearly diagnosed from the change in the threshold values of the re- 
flexes, and from the kymograms obtained (see figure). In spinal shock, reflex excitability is greatly reduced, 
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TABLE 3 


Effect of High Spinal Section on Spinal Reflexes with Parenteral Injection of CaCl, and KCl Solu- 


tions 


Solution 
injected 


Candition after 
spinal section 
Spinal shock 
No change 
Increase in spinal reflexes 


Traumatic shock 


Total 


70 


60 
50 


50 
20 


Threshold (in cm} 


Time (in minutes) 
Fig. Typical changes in the reflex thresholds 
of the left semitendinosus muscle in a frog; 
faradic stimulation is applied to the left per- 
oneal nerve. The thresholds, expressed as 
centimeters of separation of the two halves 
of the induction coil, are plotted as ordinate; 
time in minutes is plotted as abscissa. 
Development of spinal shock, 
increased reflexes, 
traumatic shock. 


but threshold stimuli sufficiently strong to elicit spinal 
reflexes,do not increase the state of shock but reduce 
it, or bring about recovery; the thresholds for reflexes 
gradually become reduced. Increasing the strength of 
the stimulus up to a certain optimum value increases 
the height of the muscular contraction. A condition of 
increased reflex activity, which may develop after 
spinal section, is one in which there is an increase in 
reflex excitability, a decrease in threshold are an in- 
creased reflex response. The condition of traumatic 
shock is one in which there is a progressive increase of 
thresholds. Here, each threshold stimulus causes a de- 
finite decrease in reflex excitability, and it becomes 
harder and harder to elicit a reflex contraction. In- 
creasing the strength of the stimulus above the threshold 
value leads to the development of a pessimal condition. 
Balanced and paradoxical stages also occur, The more 
frequently threshold stimuli are applied (at intervals of 
a few seconds), the more rapidly spinal depression takes 
place [6, 10]. 


It can be seen from Table 3 that the frogs treated 
with CaCl, developed spinal shock more frequently, and 
did not develop a condition of traumatic shock, while those treated with 2 ml of isotonic potassium chloride so- 
lution usually reacted to spinal section by showing increased reflexes, or by developing traumatic shock, These 
reactions demonstrate clearly the contrasting effects of the calcium and potassium ions, and equally clearly dis- 
tinguish the conditions of spinal and of traumatic shock as representing completely opposite states. The statis- 
tical significance of the result is shown by the value of chi squared, which had the value of 49 (p=0.2%). 


The results of both these experiments (see Tables 1, 2, and 3) show that the effect of calcium applied to 
the spinal cord is to facilitate the development of spinal shock, while potassium has the opposite action. Potas- 
sium has a parabiotic influence, which shows itself chiefly as an increase in reflex activity, or in a condition 
which resembles spinal shock. These facts make it necessary to draw a clear distinction between spinal shock 
and a condition which resembles traumatic shock, because the physicochemical and physiological changes which 
underline them are diametrically opposed. 
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The failure of any spinal shock to occur after the third spinal section, and also after the second spinal 
section in contro] frogs and in those treated with CaCl, (see Table 2), shows that impulses resulting from the 
wound of the spinal section cannot be the cause of spinal shock. It is more likely that these impulses prevent 
the development of the condition. However, a second spinal section below the pelvic enlargement in frogs treat- 
ed with CaCl, caused spinal shock in 41% of the animals. From the standpoint of the conception of loss of nerv- 
ous tone, we interpret the results as follows: whereas there is insufficient loss of descending intersegmental 
impulses from the forelimbs and pelvic girdle in the control and in the potassium-reated groups, in the calcium- 
treated group, the loss of impulses acts in the same way as does the removal of supraspinal impulses in frogs with 
an intact nervous system. 


Thus, experiments have shown that changes in the spinal cord induced by potassium, which acts as an anti- 
parabiotic agent, result in the development of spinal shock, and this constitutes evidence that the syndrome is 
due to an anelectrotonus. By contrast, potassium acts parabiotically on the cord, and prevents the development 
of spinal shock. Spinal section in frogs treated with potassium causes either an increase in activity of spinal re- 
flexes, or else a condition resembling traumatic shock. 


The second and third spinal sections in potassium-treated and in control spinal frogs cause no spinal shock. 
It is only in calcium-treated animals, that the second spinal section, which blocks impulses descending from the 
forelimb level to the lower spinal centers, can cause a second appearance of the spinal shock syndrome. The 
results obtained have allowed distinctions between the different concepts to be drawn, and indicate that spinal 
shock is to be interpreted as a condition of anelectrotonus, and that it is to be contrasted with traumatic shock, 
which is a parabiotic condition. 


SUMMARY 


In experiments on frogs, it was demonstrated that calcium ions increasing the polarization of the nerve cells, 
promote the development of spinal shock, following spinal section, Potassium ions prevent the development of 
spinal shock in the same conditions, causing increased excitation of the spinal centers or their parabiosis after 
chordotomy. It was established that, as distinct from the traumatic, the spinal shock results from the atony of 
the nerve centers of the spinal cord. 
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INTEROCEPTOR INFLUENCE OF THE URINARY SYSTEM ON LYMPH FLOW 
DURING DEVELOPMENT 


I. A. Beremzhanova 


From the Department of Normal Physiology (Head — Academician of the 
Academy of Sciences of the Kazakh SSR, A.P. Polosukhin) Kazakh State Medical 
Institute, Alma-Ata 


(Received June 26, 1958. Presented by Active Member of the AMN SSSR V.V. Parin) 


In the present article,we report results of a study of interoceptor effects from the renal arteries, renal pelvis, 
and urinary bladder on lymph flow, arterial pressure, and respiration rate in puppies of different ages. 


METHOD 


The experiments were carried out under ether anesthesia. Lymph flow was studied by using an electromag- 
netic device to record the flow of drops from a fistula established in the thoracic duct. After the fistula had been 
set up, the anesthetic was discontinued. The blood pressure in the carotid artery and the respiration rate were re- 
corded in the usual way, and time markings were made at 3-5 second intervals. 


To study reflexes from the renal vessels, the pressure in them was increased by blocking the outflow of blood 
(by clamping the renal vein). 


To study effects from receptors of the renal pelvis and urinary bladder on lymph flow through the cavities 
of these organs, physiological saline was introduced at a temperature of 37° and at a pressure controlled by a 
mercury manometer. 


RESULTS 


Stimulation of the baroceptors of the renal vessels in puppies by increasing the pressure (blocking the out- 
flow) may have various effects on lymph flow. Out of 50 observations, an increase in lymph flow was obtained 
in 20, and a reduction in 23; there was no change in 7 cases. 


In 1-4-<ay-old puppies, pressor arterial effects were obtained, together with an increased depth of respira- 
tion, but there was no change in lymph flow (Fig. 1, a). Increased flow was observed in animals of 1-day-old and ° 
more, together with an increase in arterial pressure and an increased depth and frequency of respiration, though 
the extent of these changes was small. In 1-month-old puppies, increase in lymph flow occurred without a change 
of arterial pressure, and the depth of respiration was actually reduced (Fig. 1, b). 


The reduction in lymph flow was found to be independent of the age of the animal, though various changes 
in arterial pressure and respiration rate, including no change, were found (Fig. 1, c). 


After the first few days of life, stimulation of the baroceptors of the renal pelvis by increase of pressure led 
(in 36 out of 55 cases) to a not very marked reduction of lymph flow, which sometimes continued after the pres- 
sure had been removed. In these cases, the reduction occurred either with no change or with an insignificant 
increase in arterial pressure, while the depth of the respiration actually increased (Fig. 2, a). 


With this form of stimulation, lymph flow increased in 13 out of the 55 experiments, while in 6 cases there 
was no change. 
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Fig. 1. Lymph flow rate change on compressing renal vein. a) In 2-day old puppy. 
Curves, from above downwards: blood pressure, number of drops of lymph, respiration 
rate, stimulus marker (3 seconds); in40-day-old puppy.. Curves, from above down - 
ward : blood pressure, respiration rate, number of drops of lymph, stimulus marker, 
time marked (3 seconds); c) in 3-day-old puppy. Curves, from above downward: 
blood pressure, number of drops of lymph, respiration rate, stimulus marker, time 
marker (3 seconds). 


Fig.2. Change in lymph flow due to pressure changes in renal pelvis. a) In 45-day- 
old puppy; b) in 1-day-old puppy; c) in 10-day-old puppy. Curves, from above down- 
ward; blood pressure, number of drops of lymph, respiration rate, stimulus marker, 
time marker (3 seconds). 


In puppies a few days old, in addition to a very small increase in arterial pressure and a scarcely no- 
ticeable increase, or even a decrease in the depth of respiration, a small increase in lymph flow was observed, 
which, as a rule, was not maintained (Fig. 2, b). In puppies more than 2 weeks old, the increase was more 
marked, while the respiratory and vascular reactions were as before, 


In puppies up to 10 days old, no changes in lymph flow were found, while the increase in arterial pressure 
was insignificant, and there was no alteration in the respiration or blood circulation (Fig. 2, c). 


The pressure in the bladder was increased 86 times. In 39 cases ,this caused lymph flow to be reduced, in 34, 
there was an increase, and in 13 cases,no change was recorded. 


The absence of lymph flow changes is found only in puppies 1-4 days old, when the change in the arterial 
pressure and respiration may be in either direction (Fig. 3, a). 
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Fig. 3. Change in lymph flow due to increase of pressure in bladder, a) In 2-day-old 
puppy. Curves, from above downward: blood pressure, number of drops of lymph, 
stimulus marker, time marker (3 seconds); b) in 45-day-old puppy; c) in 9-day-old 


Puppy. 


Increases or decreases in the rate of lymph flow, which are found in most experiments, were also found in 
puppies during the first few days of life, when there might or might not be changes in the other quantities re- 
corded (Fig. 3, b and c). 


In studying reflex effects originating from various blood vessels and acting on the lymphatic vessels in 
adult animals, it was found that compression of the renal vein leads to a dilatation of the lymphatic duct [4], 
When the rena) vein was clamped in adult dogs, in every case there was an increase in lymph flow [5, 6]. In 
our experiments, these changes in lymph flow during the first few days of life in puppies were found in only 2 
cases, and then the increase occurred as an aftereffect and coincided with a marked increase in respiration 
rate; the increase in lymph flow was very small. But besides this effect, in growing, and especially in newborn 


puppies, the same stimuli brought about a directly opposite reaction in lymph flow, so that a marked reduction 
was observed. With this kind of stimulation, both the increase and the decrease in lymph flow rate were associat- 
ed with various changes of arterial pressure and of respiration rate, and sometimes these latter changes did not 
occur at all. It is interesting to note that similar changes in lymph flow rate in puppies up to 1 week of age have 
been observed to result from stimulation of the sinocarotid gland [1). 


The total evidence allows us to suppose that,in the-renal vessels of the newborn puppies, there is a receptor 
apparatus whose stimulation leads to reflex contraction of the lumen of the lymphatic duct, and that,in newborn 
animals,this reflex effect is different from that in adults, where the same stimulation produces a different effect. 


At present,there can be no doubt as to the existence of receptors in the ureters and renal pelvis. Evidence 
is supplied by clinical observations which have shown that a number of autonomic reflexes are associated with 
the accumulation and passage of gall stones, and numerous morphological and physiological studies have sup- 
ported this conclusion. In [8], a description is given of reflex effects exerted by the renal pelvis on arterial pres- 
sure and respiration rate during development. 


In adult dogs, on increasing the pressure in the renal pelvis by clamping the ureter, or by injecting warm 
physiological saline, an increase in lymph flow was found, but this did not occur in all cases (6]. In our ex- 
periments, in the great majority of cases, increased pressure in the renal pelvis in puppies caused a reduction of 
lymph flow. In the first few days of life, both the reduction and the increase in lymph flow were accompanied 
by various circulatory and respiratory changes. For instance, the reduction in lymph flow might be observed to 
occur from the moment of stimulation, and to be associated with an increased depth of respiration and a rise in 
arterial pressure; in other cases,there would be no change in either of these last two factors. In some cases, the 
same arterial pressure and respiratory changes might occur, or, on the other hand, the respiration might be re- 
duced, and the lymph flow rate would be increased. Here, it was not possible to establish any relationship between 
lymph flow rate changes and the pressure applied. 


Of all the organs of the urinary system, the one that has been most studied in connection with interoceptors 
is the urinary bladder [2, 3, 7, 8]. 
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Mechanoreceptors are known to initiate reflexes affecting blood pressure, respiration, lymph flow, and other 
systems. It has been shown that increased pressure in the bladder in adult dogs caused by the introduction of 
physiological saline at different pressures causes an increase in lymph flow [5]. In puppies, during the first few 
days of life, an increase in pressure in the bladder usually causes a reduction in lymph flow, but in some ex- 
periments an increase may be observed. It is then not possible to determine the relationship between the lymph 
flow changes and alterations in arterial pressure and respiration, because the reduction in lymph flow may, for 
example, be associated with an increase in arterial pressure and amplitude of respiration, or the increase may 
take place without any changes in these systems, Neither is it possible to establish any relationship between 
lymph flow rate changes and bladder pressure. 


SUMMARY 


The author studied the development of the interoceptive reflexes from the organs of the urinary system on 
the lymph flow in acute experiments upon puppies of various ages, The reflex changes of the lymph flow occur- 
ring instimulation of the urinary bladder, renal pelvis and renal vein were revealed from the first days of the 
puppies’ life. The value and the character of the reflex shifts of the lymph flow differed with the age. The 
changes in the lymph flow were independent of the arterial blood pressure and respiration. 
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THE CONTRIBUTION OF DIFFERENT RECEPTOR AREAS OF THE 


GASTROINTESTINAL TRACT TO REFLEX CONTROL OF 
RENAL FUNCTION 


V. F. Lysov 


From the Department of Normal Physiology (Head — Honored Scientist 
Professor E. N. Pavlovskii), Kazan’ Veterinary Institute 


(Received May 27, 1958. Presented by Active Member of the AMN SSSR 
V. V. Parin) 


Previously [8], we have demonstrated the extent to which the renal nerves are concerned in the continuous 
and direct control of filtration, resorption, and secretion. It is important to follow up this work by finding what 
determines the excitability of the renal nerves at any given moment. 


In many recent works [3, 7, 9, 10, 11, 12] dealing with the physiology of the kidney, it has been found that 
a change in diuresis occurs on stimulating receptor areas of the gastrointestinal tract. 


In the present work, we have set out to determine as precisely as possible the contribution of the different 
receptor fields of the gastrointestinal tract to reflex control of renal function. 


METHOD 


Usually, two methods are used to determine the nature and the extent of the reflex control of one organ by 
another: one is to increase or to reduce the control, and the other is to eliminate it. 


In order to increase the influence on the kidneys exerted by receptors of the gastrointestinal tract, we pro- 
duced a moderate, almost natural stimulation of these receptors by irrigating the mucous membrane with water, 
physiological saline, weak sodium carbonate solution, or with hydrochloric acid. 


To reduce the effects of gastrointestinal tract receptors, we applied novocain to the mucous membrane, 
and in experiments with a water load, we introduced the water directly into one section or another of the tract 
by passing the higher sections. In this way we made the experimental conditions as close as possible to normal. 


The experiments were carried out on 6 dogs, and of these 3 had ureteric fistulas and fistulas of various 
parts of the digestive tract, while the remaining 3 had isolated intestinal loops in various parts, made by the 
methods of Thiry-Vella, Pavlov, Shepoval'nikov, as well as fistulas of the ureters and various sections of the 


intestine. 


RESULTS 


Gastric interoceptor control of the kidneys was studied in animals with gastric, duodenal, and ureteric 
fistulas. Stimulation of the mucous membrane of the stomach was produced by gradually introducing 300-400 
ml of water from the taps, heated to body temperature. The duodenal fistula was opened, and the amount of 
fluid passing out from it was measured at 10-minute intervals. The water from the stomach was voided in 20- 
30 minutes. In all these experiments, a considerably increased diuresis was observed (Fig. 1). 
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Fig. 1. Diuresis in the dog Pal’ ma on irrigat- 
ing the stomach with water (1) and physiolo- 
gical saline (2); onset (*) and end of irri- 
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- Fig. 2. Diuresis in the dog Volchitsy after ir- 

rigating an isolated Thiry~ Vella loop of small 

Ps intestine with water (1) and 0.2% solution of 

N hydrochloric acid (2); onset (*) and end () 

of irrigation. 

BY: lated loop of small intestine always led to an increased diuresis. 

% large intestine was irrigated. 


siderable increase of diuresis. 


sulted. 


before (Fig. 2). 


In another set of experiments, a burette with a rubber tube was used to introduce water into the intestine, 
where it was kept under a constant pressure for 10-15 minutes. Irrigation of the mucous membrane of an iso- 


The increase in the diuresis was more marked when irrigating isolated loops of jejunum than when equal 
lengths of ileum were used. No appreciable diuretic changes were observed in any experiment in which the 


Irrigation of the mucous membrane of an isolated loop of the small intestine with physiological saline had 
ne diuretic effect. Application of a 0.1-2% solution of hydrochloric acid in physiological saline caused a con- 


During the irrigation, 10-16 ml of fluid were absorbed. This amount, by itself, could not increase diuresis: 
if 10-16 ml of water, as a control, were introduced into the intestine through a fistula, no diuretic change re- 


Application of a 2% solution of novocain to an isolated intestinal loop eliminated any reflex influence on 
the kidneys, and no diuretic changes were found. The amount of liquid absorbed in this case was the same as 


In order to determine what receptors are con - 
cerned in this reflex, experiments were carried out in 
which the mucous membrane of the stomach was ir- 
rigated with physiological saline, or with a solution of 
1-0.5% sodium bicarbonate in physiological saline. 
Here, we aimed to act on certain receptors: water was 
intended to stimulate chiefly the osmo- and mechano- 
receptors, while the physiological saline should stimu- 
late mechanoreceptors, and the sodium bicarbonate so- 
lution the chemoceptors. 


The experiments produced the intended results. 
Irrigating tlie stomach with physiological saline brought 
about an increased diuresis, though this was much less 
than when irrigating with water (see Fig. 1). In most 
cases, irrigating with sodium bicarbonate solution caus- 
ed a greater diuresis than was elicited by physiological 


Further confirmation was obtained by experiments 
where, after measuring the spontaneous diuresis, the 
gastric mucous membrane was treated with a 2% solu- 
tion of novocain, and 10 minutes later, the stomach 
was again irrigated with the fluid under test. 


It was found that when the receptors were put 
out of action by novocain ,. gastric control of the kidney 
was eliminated, and the diuresis remained at the natural 


Experiments in which intestinal interoceptor con- 
trol of renal function was studied were carried out on 
animals with isolated loops of various sections of the 
intestine, and with ureteric fistulas. 


To stimulate the mucous membrane of the iso- . 
lated Thiry- Vella intestinal loop, or that of the gastric 
mucous membrane, water was introduced slowly through 
the length of intestine for 10-20 minutes. It passed out 
through the fistula at the caudal end to the outside. 
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TABLE 


Diuresis in the Dog Pal'ma after a Water Load of 300 ml 


iuresis as a percentage of the amount 


= f water introduced 
Conditions of experiment 


during 3 hours 


during 1 hour 


Drinking water 42 86 

Water introduced into stomacl 38 83 
" duodenum 35 78 
bi jejunum 27 66 
" jleum 21 55 
" large in- 


testine 12 32 


sate 


It is important to note that after treating the gastric or intestinal mucosa with novocain, there is a mark- 
ed change, usually an increase, in the diuresis. 


Quite possibly, the interoceptors of the gastrointestinal tract exert a constant influence on a renal control 
center and maintain its tone at a certain level. 


Control by the interoceptors of various sections of 
the gastrointestinal tract was particularly well shown in 
experiments with a water load, where a comparison could 
be made of the type and the extent of the diuresis during 
drinking, and when introducing water through a fistula 
directly into the stomach, duodenum, jejunum, ileum, 
and large intestine. 


In all cases, for a given initial level, the diuresis 
was less when the water was introduced into the lower 
section of the tract than when it entered the gut higher 
up. The more caudally the liquid was introduced, the 
less was the diuresis (see table). 


60 120 150 180 


Times (in minutes) 
Fig. 3. Diuresis in the dog Chernushka on It must be supposed that the more intense diuresis 
introducing water for 1 hour into an isolated occurring when water is introduced into the upper section 
Shepoval'nikov loop of small intestine (1- of the gut depends to a considerable extent on the sum- 
102 ml taken in); in curve (2) 250 ml of mation of impulses passing to the nervous center from the 
water are introduced into the large intestine; superior and inferior sections, and conversely, the weak 
rs onset (') and end (,)) of irrigation. diuresis following the introduction of water into the hind- 


end of the gut is due to the cessation of impulses from the 
upper section. 


Under these conditions, the extent of the diuresis is due to the different rates of absorption of fluid in the 
different sections of the tract. 


To find whether this were so, a comparison was made of the diuresis following the introduction of water 
into an isolated 40 cm loop of small intestine with that caused by introducing the fluid into the large intestine. 


Water was introduced into a loop of small intestine through a fistula for 1-14 hours using a burette with a 
piece of rubber tubing attached. The liquid in the burette was maintained at a constant level. Under these 
conditions, after one hour, 100-120 ml of fluid was absorbed. 


It was found that this water caused a more intense diuresis than when 200-250 ml were introduced through 
a fistula into the colon (Fig. 3). The increased diuresis in the first experiment occurred usually after 20 minutes, 
while in the second experiment it occurred 50 minutes after giving the water. Simultaneous introduction of 

physiological saline into the loop of small intestine caused no diuretic change. 
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After treating the mucosa of the isolated loop of small intestine with a novocain solution, when other 
conditions were kept constant, no increase in diuresis was obtained. Also, there was no change in the absorption 
of water. 


From these results we may suppose that interoceptor control from the intestine plays an important part in 
stimulating diuresis, and that the small intestine plays a greater part than does the large. 


No clear description has been published of the nature or importance of intestinal interoceptor control of 
diuresis. For example, K.M. Bykov [2], and later E.B. Berkhin [1], found that no appreciable diuretic change 
followed irrigation of the gastric mucosa with water. K.A. Chukin [12] found a reduced diuresis to follow ap- 
plication of water to the gastric mucosa, and this was later confirmed by N.N. Pronina and Ya.A. Al'tman [11], 
who, however, found that an increased diuresis occurred when water was introduced into the stomach through a 
fistula and then removed 1 minute later. A.A. Lebedev [7] irrigated the stomach with water and found a height- 
ened diuresis, and that when the stomach was distended, the diuresis was reduced. N.A. Myasoedova [9, 10] 
showed that distension of the stomach and large intestine might cause a reduction of diuresis. 


According to E.P. Kuchinskii (3), irrigating the stomach with a solution of peptone and sodium bicarbonate 
increases diuresis, while irrigating with hydrochloric acid solution reduces it. 


Distending a loop of large intestine, in most cases causes a reduction in diuresis, while distension of the 
small intestine brings about an increase. In most cases, irrigation of the mucosa of the small intestine with a 
peptone solution increases diuresis during the stimulation, while a similar irrigation of the large intestine slightly 
reduces it. 


These contradictory results are evidently due to the fact that the authors used methods of irrigation which 
failed entirely to reproduce natural conditions. 


In our experiments, in which we stimulated the osmo-, chemo-, and mechanoreceptors of the gastric mucosa 
and the osmo— and chemoceptors of the small intestine with stimuli which were close in type and in form to 
normal, a marked diuresis was always obtained. In irrigating the mucosa of the large intestine with water, and 
a loop of small intestine with physiological saline, so as to stimulate preferentially the mechanoceptors, no ap- 
preciable change in diuresis was observed. 


These results agree to some extent with those obtained in V.N. Chernigovskii and V.A. Lebedeva's labo- 
ratory (5, 6) concerning the receptor gradient of the digestive tract. 


To conclude, we may suppose that the gastrointestinal tract constitutes a powerful reflexogenous zone for 
the stimulation of diuresis; the stomach, and especially the small intestine, are more concerned in this action 
than are the colon, cecum, and rectum, It is clear that, given an appropriate type and intensity of stimulus, 
these reflexogenous zones may exert the opposite effect. 


SUMMARY 


In assessing the role of different receptive fields of the gastrointestinal tract in the reflex regulation of the 
renal activity, the author studied the diuresis in polyfistular dogs by stimulating the mucous membrane of the 
stomach and different portions of the intestine before and after its treatment with a novocain solution. Changes 
of diuresis were also investigated by introducing water directly into various sections of the gastrointestinal tract 
and into an isolated intestinal loop (before and after the novocain solution treatment of the mucous membrane). 
The results demonstrated that the gastrointestinal tract is a powerful reflexogenous zone for the stimulation of 
diuresis. The stomach and the small intestine, especially its cranial portions, play a greater role in this respect 
than the large intestine. 
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GASEOUS EXCHANGE AND GASTRIC SECRETION IN DOGS AS RELATED 
TO VARIOUS FUNCTIONAL STATES OF THE CEREBRAL CORTEX 


N. G. Shchepkin and A. I. Makarychev 


From the Department of Normal Physiology (Head — Professor P. K. Anokhin) I Moscow Order 
of Lenin I.M. Sechenov Medical Institute 


(Received April 17, 1958. Presented by Active Member of the AMN SSSR P.K. Anokhin) 


I.P. Pavlov's pupils [1, 2, 3, 4] have demonstrated the functional relationship between the cerebral cortex 
and the internal organs. 


However, much remains unknown today concerning the problem of the cortical control of gaseous exchange 
and of gastric secretion. 


The object of the present investigation is to explain the relationship between changes in gastric secretion and 
in oxidation processes as affected by various experimental conditions; measurements have been made before and 
during the elaboration of conditioned reflexes, after establishing a stereotype, and after “confusing” nervous ac- 
tivity. 


METHOD 


Three sets of experiments were carried out on 2 dogs with an isolated stomach pouch (Rex, a mongrel of 3 
years weighing 18 kg, and Turus, a mongrel of 4 years, weighing 19 kg). During the first stage of the experiment, 
both dogs were given the same food, which consisted of soup and meal (usually oatmeal), meat, vegetables, black 
bread, and bones. In all, 120 experiments were performed. 


Before the experiments, the dogs were made familiar with the conditions and with the set-up of the ex- 
periment. 


During this period,their daily program was arranged in the same way as it was subsequently during the ex- 
periments: at8 A.M., after a walk, and after staying for 1 hour on the stand in the conditioned reflex chamber, 
the animals were transferred to another room, and after 20 minutes, when the pulse was normal, the gaseous ex - 
change was determined using a Douglas-Haldane bag*. 


After the gaseous exchange had been measured, observations were made on gastric secretion, and as soon 
as the reaction had become neutral, a food stimulus consisting of meat, bread, or milk was given, after which, 
observations on gastric secretion were made for 5 hours. Portions of the juice were measured at 15 minute in- 
tervals, and the hourly amounts were titrated for acid with N/50 NaOH. 


After this, the main experiment was carried out, and here the change in conditions was that when in the 
conditioned reflex chamber, the dogs did not merely remain standing, but for a period of 1 hour defensive con- 
ditioned reflexes were elaborated. For each dog, the positive conditioned stimuli were horn No. 6 and siren No. 
8. The differentiated stimulus was a metronome working at 50 strokes per minute. This differentiation was 
considered in connection with the difficulty of elaborating a finer one. 


* The accuracy of the indications obtained by this method was checked in M.N. Shaternikov's laboratory by his 
assistants O.P. Molchanova and N.G. Shchepkin. 
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The unconditioned stimulus used was the voltage from an induction coil. The stimulating electrodes were 
connected to the right hind foot. A reinforcement was given after each conditioned stimulus. 


The conditioned stimuli were used in a strictly determined sequence and were applied for a constant length 
of time, the conditioned stimulus being given for 8 seconds, and the unconditioned for 2 seconds. The animal's 
defensive reaction, which consisted of withdrawing the foot, was recorded on a kymograph, using a pneumatic 
transmitter. The strength of the conditioned reaction was recorded by crosses, a weak reaction being represented 
by one, a moderate by two, and a strong reaction by three. 


After working in the conditioned reflex chamber, as in the control experiments, the dogs were transferred 
into another room, where the gaseous exchange was determined and gastric secretion measured. 


RESULTS 


After having established the basic rates of gaseous exchange and gastric secretion, the oxygen absorbed per 
kilogram weight of the animal was found to vary from 0.30 to 0.36, having an average value of 0.33 liters. The 
carbon dioxide liberated varied from 0.22 to 0.28, with a mean value of 0.25 liters, the respiratory quotient was 
0.77, and the pulmonary ventilation had a value of 11 liters. 


rom 
0.46 to 0.35 


b 


‘rom 
0.37 to 0.31 


0.3 0 0.36 
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Fig. 1. Oxygen consumption per kilogram per Fig. 2. Defensive motor reaction on 


hour in the dog Rex. a) In control experiment; reinforcing conditioned reflexes. 
b) during elaboration of conditioned reflexes; Curves, from above downwards: motor 
c) with “confusion”. reaction, marker of conditioned stim- 


ulus marker, time marker in seconds. 
Response on left) conditioned reaction; 
responses on right) unconditioned re- 
action. 


Fig. 1 shows the oxygen requirement during the acclimatization period (A), and during the elaboration of 
conditioned reflexes (B). During the first stage of the development of a conditioned reflex, the animal absorbed 
0.46 liters of O2 per hour per kg weight, and when the reflexes had become established, the amount absorbed 
was 0.35 liters, i.e.,the oxidative processes returned approximately to the initial value (Fig. 1, b). 


For the sake of clarity, we have given the results of two experiments, Nos. 29 and 30 (Tables 1 and 2 and 
Fig. 2), and it can be seen that the dog's reaction to both the conditioned and the unconditioned stimulus are of 
the same strength (two or three crosses), while the animal remains completely unresponsive to the differentiated 
stimulus of the bell. 


After establishing this absolute differentiation, and forming a stereotype from the system of positive and 
inhibitory stimuli (see Tables 1 and 2), the nervous activity was then “confused” by presenting simultaneously 
positive and inhibitory stimuli consisting of siren 8 + metronome at 50 strokes per minute. As the result of this 
treatment, the dog retained only a weak orienting reaction. The conditioned and unconditioned reflexes disap- 
peared (Table 2 and Fig. 3). 


In subsequent experiments, the unconditioned reflexes returned, but the conditioned reflexes did not (see 
Table 2). 
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Fig. 3. Motor reaction on "confusion". Curves, from above downward: 
motor reaction, unconditioned stimulus marker, conditioned stimulus 
marker, time marker in seconds. 


TABLE 1 


Conditioned Reflex Reactions of the Dog Rex after Developing Differentiation and a 
Stereotype; Experiment No. 29 


Timeof [Condi- imeof /Uncon 
action of d ctionof 
|tione ition 
Type of _ se- |condition- condition 
condition ed stimu- |feac- d stimu-|ed re-| Remarks 


lus( in {tion us( in faction 
seconds) econds) 

3 7 8 


Time of day 


Interval in 


Horn No. 6 7 +++ 
Horn No. 6 +++} Dog stands 
quietly 


Horn No. 6 +44. The same 
M-50 


Siren No.8 ‘ 

The same 

M-50 — | Completely 
still 

Horn No. 6 4-4 +| Generalized 
motor 
reaction 


The same | 226 a+ +++4 


one 227 ++ +++ 
Siren No.8| 96 +++ +++ 
The same 97 ++4 ow 


After "confusion", the oxygen requirement was less than in the control experimenis, and fell during the 
course of 1 hour from 0.37 to 0.31 liters/kg (Fig. 1, c). In these experiments, gastric secretion was measured 
as well as the gaseous exchange. 


As can be seen from Table 3, the classical food stimuli — bread, milk, and meat — also produced gastric 
secretion changes. While in the control experiments 14.7 ml of juice was secreted in 5 hours, during the de- 
velopment of conditioned reflexes this amount was increased by 9%; when differentiation was obtained the in- 
crease was 20%, and with “confusion” it was reduced by 9% (see Table 3). 


When developing the positive defensive conditioned reflexes, the secretion of gastric juice was increased 
by 12% as compared with the control experiment values; when developing the negative conditioned reflex, the 
increase was 13%, and there was a reduction of 6% in the case of the "confusion". On days when the positive 
conditioned reflex to meat was being developed, the gastric glands showed a functional increase of 25% with 
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TABLE 2 
Conditioned Reflex Reactions of the Dog Rex at the First "Confusion"; Experiment 
No. 30 
a |Type of ® |actionof |Condi- |actionof {Uncondi- 
Timeof x conditioned | ¢ condition tioned |condition-Itioned re-; emarks 
day stimulus ed stimujreac- edstimu~ faction 
 |tion lus (in 
3 seconds) seconds) 
1 2 3 4 5 
9; 32 — |Horn No. 6 | 228 3 eo 
quietly 
9: 35 3 The same 229 7 +++ |The same 
9: 31 3 230 8 
9: 41 3 M-50 45 10 
9: 44 3 Siren No.8 98 8 +-+-+- |The same 
9: 47 3 The same 99 8 
9:. & 3 Siren No. 8 
+ M-50 1 10 eaction — First "con- 
fusion", 
looks 
round in 
various 
directions 
9: 53 3 Horn No. 6 | 231 8 — +++ |The same 
9: 56 3 |Thesame | 232 8 +++ 
quietly 
9: 59 3 The same 233 8 -- +-+-+ |The same 
10 : 02 |Siren No. 8 | 100 8 
10: 05 3 The same 101 8 — +++ | ° sa 
10: 08 3 M-50 45 10 


differentiation, the increase was 30%, and the “confusion” caused a reduction almost to normal. In all these ex- 
periments there was scarcely any change in the acidity or in the latent period of the secretion (see Table 3). 


After a three-month break in the summer, the experiments were repeated on the same dogs, and precisely 
the same results were obtained. 


Our experiments showed that functional changes in the cerebral cortex (during the development of condi- 
tioned reflexes, after they had been established, and after the "confusion") cause well-marked changes in 
gaseous exchange and in gastric secretion. There is a smaller change in the acidity of the gastric juice. 


When developing conditioned reflexes, before the conditioned linkages had become established, and while 
the cortical excitation was generalized, as a rule, the gastric secretion was considerably increased in response to 
all the food stimuli used (bread, meat, milk). The greatest increase in secretion occurred in response to meat 
(23-25%), as this was the strongest gastric juice stimulant. There was s simultaneous increase of 15% in the gas- 


eous exchange rate. 
To us, it seems that this increase in the functions described, which takes place during the initial phase of 


the development of conditioned reflexes, must be interpreted as being due to an irradiation of the cortical ex- 
citation occurring through the action of external stimuli on the lower subcortical centers. 


This idea is supported by the fact that as the conditioned reflexes become more firmly established, the 
changes which occur become less marked, and finally the quantities measured return to their original values. 
According to the Pavlov school, this period corresponds to the concentration of excitation and to its equilibration 


with the inhibitory process. 


547 


ie 
Boe. 
‘ 
iA 
tie 
hes 
“ 
4 j 


The development of internal inhibition 
caused a still greater increase in gastric secre- 
tion (from 19 to 30%. When developing con- 
ditioned inhibitory reflexes, there is evidently 
at first a generalized cortical inhibition, and 
because this is widespread, the positive con- 
ditioned reflexes produce less effect. 


On account of its inertia, a weak diffuse 
inhibition is maintained for a considerable time 
after the experiment, during the period of meas- 
urement of the gastric secretion. Because of the 
weakness of the inhibition, it does not irradiate 
| gouanb into the lower subcortical regions, but acts by 


“Confusion” 
Time of juic 
collection 


at sae, positive induction to increase their excitability, 


which leads to an increase in gastric secretion. 
x. (HORN 
jo “Confusion” of the processes of excitation 
uy) Aarproe and inhibition in the cerebral cortex produced 
wre le i a directly opposite effect, i.e.,there was a mark- 
ots oS ri oo ed reduction in both gaseous exchange and gastric 
secretion. The latter often fell to 9-10% below 
its original value. In this case, “confusion” 
caused a breakdown of conditioned reflex ac- 


tivity. 


Time of juic 


' The development of an inhibitory con- 

aouanb dition in the cerebral cortex, following "con- 
~98 Uy soy fusion”, causes an irradiation of this inhibition 
to the subcortical region, and this is evidently 
the reason for the reduced activity of the func- 
tions described. 


ed reflex 


From what has been said, we may con- 
clude that when cortical function is disturbed, 
so also are the subcortical centers, and the 
condition of the latter in turn brings about 
changes in the rates of gaseous exchange and 
of gastric secretion. 
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SUMMARY 


Develo 
eflex 


~98 Uy smoy Experiments performed on dogs demons- 
ea trated that the change of the functional con- 
dition of the dog's brain cortex alters the gas 
exchange and the gastric secretion. 
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4,67 
5,70 
5,03 
4,3 


The gastric secretion to bread, meat and 
milk increases during the first day of formation 
of conditioned reflex associations. After the 
reflexes to the same stimuli are formed, both 
secretion and gaseous exchange drop to a normal 
level. The process of internal inhibition for- 
mation Causes an even greater rise of gastric 
secretion and gaseous exchange. In neurosis,a 
considerable decrease of the above autonomic 
functions was noted. 
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a TEMPERATURE CHANGES IN THE HUMAN GASTROINTESTINAL 
a TRACT AND ITS RHYTHMIC ACTIVITY WHEN EMPTY 
4 E. L. Revutskii 
“a From the Department of Clinical Physiology (Head of Department — 
a Active Member of the AMN SSSR Academician of the AN Ukrainian 
= SSR, Professor V.N. Ivanov) A.A. Bogomolets Institute of Physiology 
: (Director — Corresponding Member of the AN Ukrainian SSR 
F A.F. Makarchenko) AN Ukrainian SSR, Kiev 
q (Received July 31, 1958. Presented by Active Member of the AMN 
a SSSR V.N. Ivanov) 
a A study of the temperature of the human digestive tract is of considerable physiological and clinical in- 
a terest. Nevertheless, very little information is available even on the upper sections, which are easily accessible 


for temperature measurement. Not nearly enough investigations have been made of temperature changes in the 


esophagus, stomach, duodenum, and upper parts of the jejunum. 


In studying the temperature of the human gastrointestinal tract over a period of many years [6], and find- 


ing the effect on it of various physiotherapeutic measures [8], we have several times observed regular tempera - 
ture variations in certain sections, and it was found that they were associated with periodical changes in the 


activity of the digestive organs when the subject was in a fasting condition. 


the temperature inside the stomach and the periodic gastric movements. 


The movements were usually accompanied by a temperature rise. 


be Changes in stomach temperature in fasting man were found by Benjamin, Wagner and Zeit [11]. These 
3 authors limited their observations to recording sensations of hunger,without making any record of gastric move- 
" ments, and concluded that the temperature of the stomach fell during “hunger” contractions. 
4 ‘ Periodic activity of the empty digestive organs is usually accompanied by vigorous contractions of the 
“ musculature of the stomach, as well as by contraction of the intestine, while there is also a secretion of bile, 
— pancreatic juice, and succus entericus etc. It seemed,therefore, worthwhile to study the associated temperature 


changes, not only in the stomach, but in other sections of the gut, especially the duodenum. 


a V.N. Boldyrev [1], as early as 1914, described a temperature increase in the rectum of the dog as occurring 
at the end of a period of vigorous gastric movements. We have published simultaneous recordings, in man [9], of 


@ In the present work,we report results obtained with simultaneous temperature recordings in several portions 


of the human digestive tract, from the esophagus down to and including the jejunum. 


METHOD 


4 were continously recorded on photographic paper. The temperature in the armpit was also measured in the same way. 
“a The temperature measurements were made with an absolute accuracy of 0.05°, and with a relative ac- 
a curacy of 0.02-0.03°. 
4 550 


4 Temperature measurements were made by means of thermocouples fixed to a\ fine duodenal probe. The 
currents in the circuit of each thermocouple were measured by separate mirror galvanometers, whose indications 
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The position of the probe with the thermocouples in different parts of the digestive tract was controlled by 
means of a mobile x-ray apparatus during the time of the temperature recording. The investigations were carried 
out with the subject in a horizontal position,in a specially equipped room isolated from noise and other distrac- 
tions. A detailed description of the method of temperature recording in the gut has been given elsewhere [7]. 


The periodic gastric movements were recorded by the usual manometric method with air transmission. In 
this case, a small light was attached to a Marey's drum, so that the gastric movements could be recorded photo- 
graphically at the same time as the temperature. 


In estimating the type of gastric motility, we used V.N. Ivanov's classification [2], which divides people 
(when fasting) into groups showing regular periodic gastric movements, irregular period movements, continuous 
activity, and a continuous or a very prolonged period of rest. 


In all, 32 investigations were made in 12 subjects which were either practically healthy, or else suffering 
from minor forms of gastritis with various disturbances, or else who showed some impairment of gastric secretion. 


Temperature measurements were made in the esophagus and stomach, in the stomach and duodenum, or 
else in the stomach, duodenum, and upper end of the jejunum. 


RESULTS 


Fig. 1 shows a photographic record of the temperature in the armpit and in various parts of the stomach 
and duodenum, as well as records of gastric motility in a healthy male of 29. 


Fig. 1. Temperature changes of body and of various sections of the digestive tract, 
and gastric motility in a healthy male of 29. Curves: a) temperature of armpit; b) 
temperature of the cardia; c) gastric motility; d) temperature of antrum; e) temper- 
ature at superior duodenal flexure; f) temperature of descending portion of duode - 

num, 


Fig. 2 shows an x-ray photograph of the position of the probe with the thermocouples. (The probe itself 
cannot be seen, on account of lack of contrast). 


The first part of the recording was made during a period when there was little gastric movement. Ten 
minutes later, separate, stronger contractions of the stomach musculature can be seen, and these merge into a 
period of vigorous contractions, which terminate after 23 minutes, after which a period of rest again ensues. 


At the start of the investigation, a relatively high temperature was recorded in both stomach and duodenum. 
After 10 munutes,it fell somewhat, but then, when the stomach movements began (and these were evidently as- 
sociated with movements of the other portions of the tract),the temperature in the antrum and duodenum began 
to rise. The temperature of these parts reached an even higher value during the period of vigorous stomach 
movements. Here the temperature of the antrum rose by 0.14°, and that of the descending duodenum by 0.4°. 


At the beginning of the record (Fig. 1, f) short-duration variations of temperature in the descending part 
of the duodenum can be seen, and these cease after the end of the period of vigorous gastric movements, and 
are replaced by a more marked temperature rise. During the subsequent period of rest, the temperature in the 
stomach and duodenum falls. 
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Fig. 2. X-ray photograph of probe with thermocouples. Patient 
supine. 


Micturates 


Fig. 3. Temperature changes of the body and of different parts of the digestive tract, 
and gastric motility in a healthy male of 18. Curves: a) gastric motility; b) temper- 
ature of armpit; c) temperature of fundus; d) of body; e) of antral portion of the 
stomach; f) temperature of the descending portion of the duodenum. 


The onset of periodic periods of gastric motility are not associated with any corresponding changes in the 
temperature of the cardia. The temperature in the armpit rose by 0.06° immediately after the end of the period 
of vigorous movement. 


The high temperature in the digestive tract at the onset of the experiment is evidently due to the subject's 
reaction to swallowing the probe with the thermocouples and the balloon for recording gastric motility. This 


phenomenon was very marked when the temperature recording began immediately after the probes had been 
swallowed. 
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Temperature changes at the upper end of the jejunum were similar to those in the descending portion of 
the duodenum with the difference only that both the short-lasting temperature variations during vigorous gastric 
movements and the cupola-like elevation at the end of this period were less well shown and occurred somewhat 
later than the corresponding temperature changes in the duodenum. 


The temperature changes already described in the gastrointestinal tract were found in most of the experi - 
ments both during sleep and in the waking condition, and were accompanied by regular periodic gastric move- 
ments (Fig. 3). These changes were observed especially often in the descending portion of the duodenum (in 14 
cases out of 17). 


The greatest temperature variations associated with periods of gastric motility in the fasting subject oc- 
curred in the region of the body and of the antral portions of the stomach and in the descending part of the 
duodenum. In certain cases, the temperature in these regions changed by 0.4-0.45° in a period of 40-50 minutes. 


No regular temperature changes in the esophagus associated with the periodic activity of the digestive 
organs could be found. 


Sometimes, a small increase of temperature in the armpit was found to follow a period of vigorous gastric 
motility. In other cases, this increase did not occur. However, here the difficulty of making a continuous re- 
cording of the temperature in the armpit should be borne in mind. 


We cannot entirely agree with the view of P.I. Itskov [4] that when digestion is taking place, the tem- 
perature in the stomach is constant. In cases where there isa true periodic activity of the digestive organs in 
the fasting subject, the temperature in the gastrointestinal tract does show more or less well-developed regular 
fluctuations. 


The mechanism of these undulating temperature variations in the gut appears to be quite complex. The 
explanation of Benjamin, Wagner and Zeit that the temperature fluctuations in the fasting subject are due to an 
anemia of the stomach wall occurring during the "hunger" contractions of its muscles, cannot be accepted. 
First, we have found that during the period of vigorous stomach movements, there is a gradual increase in the 
temperature of the stomach, and secondly, that the explanation cannot be extended to include temperature 
changes in the duodenum and in the upper part of the jejunum. 


Evidently, in addition to the periodically occurring changes in the metabolic processes in the human 
organism as a whole (A.D. Slonim [10]), and the changes in the metabolism and the circulation of the digestive 
organs, there is also an important phasic secretion of bile and of pancreatic and intestinal juices, as well as a 
movement from one section to another of the liquid intestinal contents which are at different temperature. In 
this connection, the periodic voiding of the duodenal contents into the stomach, as described by V.N. Ivanov 
{3], must play an important part. The small and sometimes rhythmic temperature variations are most immedi- 
ately connected with changes in the conditions of contact between the thermocouples and the mucosa during the 
vigorous movements of stomach and intestine. 


The regular periodic gastric motility is not always associated with the characteristic temperature changes 
in the stomach and intestine, and this may be due to disturbance of the sequence, or to certain components being 
missing from the set which comprise the activity of the digestive organs. N.P. Nekhoroshev has pointed out the 
possibility of such deviations [5]. 


A final solution of the problem of the mechanism of the temperature variations which we have discovered 
in the digestive tract of the fasting human subject requires special experiments to be carried out on animals. 


Temperature changes in the stomach, duodenum, and upper part of the jejunum in fasting man, both in 
the waking state and during sleep, are largely due to periodic changes in the activity of the digestive organs. 


The undulating temperature variations described above are so great that they must be considered in re- 
lation to temperature changes in the gastrointestinal tract. A knowledge of the undulating temperature variations 
is essential for a correct evaluation of any temperature changes occurring as a result of various actions on the 
human organism. 
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SUMMARY 


The author conducted a prolonged parallel registration of the periodic motor gastric function on an empty 
stomach and of the temperature in the esophagus, stomach, duodenum and the initial portion of jejunum in man. 
Periodic changes of the temperature (especially in the body and the antral portion of the stomach and in the de- 
scending portion of duodenum) associated with periodic activity of digestive organs in fasting persons were re- 
vealed. 


The above temperature variations are caused by a complex of phenomena, comprising the periodic activity 
of digestive organs. These phenomena should be considered when studying the correlations and dynamics of tem- 
perature in the human gastrointestinal tract, on an empty stomach. 
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SEASONAL VARIATIONS IN THE AMOUNT AND ACIDITY OF GASTRIC 
JUICE SECRETED IN DOGS AND IN MAN 


I. 


I. Markov 


From the Department of Hospital Therapy (Head — Professor T.T. Glukhen' kii) 
and Normal Physiology (Head — Professor Ya.P. Sklyarov) L'vov Medical Institute 


(Received April 14, 1958. Presented by Active Member of the AMN SSSR V.N. 
Chernigovskii) 


As work carried out in the laboratory of K.M. Bykov [1] and V.V. Koval'skii [7] has shown, seasonal vari- 
ation of physiological and biochemical processes is one of the ancient methods by which the animal adapted it- 
self to changing environmental conditions. 


Clinicians frequently encounter the important phenomenon that seasonal variation of physiological func- 
tions (and other kinds of biological rhythm) have their counterpart in pathological processes (8, 11]. 


Seasonal variation of gastric juice secretion in man and in animals has not been sufficiently studied. Re- 
ference must be made to T.I. Danilova's investigation [4], where a reduction was found in the amount and 
acidity of gastric juice secreted by dogs kept in sunlight. 


A.F. Glagoleva [3] has pointed out that the digestibility of food in dogs and rabbits was reduced in summer 
and increased in winter. 


A reduction in the amount of gastric juice secreted, and in its acidity, in healthy human subjects in summer, 
and an increase in winter, has been found by N.E. Kuznetsov [9], and by Risse [18] in experiments on himself. 
Similar results have been obtained by Richter [19] when investigating the acidity of the gastric juice at different 
seasons in patients with gastric ulcer. 


On account of the small number of observations which have extended over a period of one or two seasons 
(Danilova, Kuznetsov), and in view of the great theoretical and practical importance of the possibility of 
finding a correlation between variations in secretion and exacerbations of various gastric conditions, we have 
made a study of the seasonal variations in the secretion,and the acidity of gastric juice in dogs and in healthy 
human subjects. 


METHOD 


For this purpose a group of 10 healthy human subjects was chosen, and observations were made on them 
over a period of 2 years; experiments on 3 dogs were carried out for periods of 7-31 months. 


Measurements were made of gastric secretion in healthy human subjects in the morning, using a fine 
stomach tube. After introducing the tube into the stomach, the contents were emptied once over a period of 
1-3 minutes with the subject first standing, then sitting, then lying. In this way, the total volume of the gastric 
contents was measured, and then the free and the total acid was measured. 


The secretion was studied using Erman's alcoholic test meal. Sixty minutes after the meal, if possible,the 
whole of the stomach contents were drawn off, the volume measured, and the stomach again emptied at 15-minute 
intervals for the next 45 minutes. In this way, measurements could be made both on the secretion occurring 
directly after the meal, and on the subsequent portions. 
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Gastric juice (in ml) 


Fig. 3. Variations in the secretion of gastric juice in response 
to meat in the dog Grey,according to the month. 


The digestive power of the juice with respect to meat and to bread was greater in August than in the winter 
months, and much greater than in the spring months. 


It can be seen from Table 3 and from Figure 3 that in this dog there was a variation in the amount of sec- 
retion with an increase in spring (May), autumn (November), and winter (December) and a reduction in summer, 
particularly in August. 

In general, the acidity varied in the same way as did the amount secreted, reaching a minimum value in 
summer (in July) and a maximum level in autumn (in October) and in winter (in December). 

The digestive power of the juice increased in summer, particularly in July, November, and December, and 
decreased in September and in February. 

The latent period was shortest in August, and comparatively long in winter (January) and in autumn (Sep- 
tember). 

Typically, in both human subjects and in dogs, the seasonal variations of secretion were more clearly mark - 


ed than were the changes in acidity. 


These results confirm those obtained by Danilova, Kuznetsov, Risse and Richter. 


According to the published findings, seasonal changes in the animal organism are brought about by the ef- 
fect of both exogenous and endogenous factors. 


Without considering the problems of how gastric secretion is influenced by the endocrine glands, whose 
function is known to change according to the seasons, or of how it may be affected by diet, particularly by the 
vitamins, we will consider only the effect on secretion of one of the more important of the exogenous factors, 
the meteorological factor, which varies greatly according to the season and which must necessarily react on the 
functioning of the organism and of the different organs. 


There have been many clinical observations and experimental studies which bear on the problem of the 
effect of the separate meteorological factors on the emptying and on the secretion of the stomach. 


Here we must note the work carried out in I.P. Razenkov's laboratory [14], which demonstrated the inhibi - 
tory effect of high environmental temperatures and low barometric pressure on gastric juice secretion in dogs and 
in man. The effect of temperature was later confirmed by S. Galieva [2] and by S.A. Mogilevskaya [12] in ex- 
periments on dogs. Miiller and Holscher [17] also demonstrated the inhibitory effect of both generalized and 


local heating on gastric juice secretion and on acidity. 


Of the clinical studies, attention must be drawn to the investigations of V.I. Predtechenskii [13], 1.A. 
Kassirskii [6], P. Isaev [5], and R.O. Faitel’ berg and others [15], who showed that an inhibitory action was ex- 
erted on gastric juice secretion in healthy and sick human subjects by general and artificial heating, and by a 
warm climate. A.A. Kirstner and others [10] found that a similar action was exerted by infrared radiation. 
Bogendorfer and Sell [16] showed that cooling had a stimulating effect on gastric secretion. 


4 
_, 942 on, 
Ps | 30 
4 1 24! 2 
1 
a 4 
4 
+ 
4 2 
556 


In dogs, the secretion was studied using a Pavlov pouch and natural food stimuli consisting of meat (200 g) 
and bread (300 g). 


The experiment was usually carried out twice in one week: once with meat, and again with bread. The 
rules worked out in Pavlov's laboratory were observed. The amount of juice secreted was measured at 30-minute 


intervals over the first 4 hours. 


During the whole of the investigation, particular attention was paid to maintaining an unchanged feeding 
routine and to maintaining the health of the animals. They were kept in separate cages, and both in winter and 
in summer they were regularly taken for walks out of doors. The daily food ration consisted of 200 g of meat, 

350 g of meal, 400 g of bread, and 400 g of vegetables. When no meat was given, the equivalent weight of pro- 
tein was supplied as milk. During the experiment, the weight of the animals remained within normal limits. 


RESULTS 


Changes in the amount secreted and in the acidity of the gastric juice both when fasting and after a test 
meal supplied to healthy human subjects at different times of year are shown in Table 1 (the average values for 
the amount of secretion are expressed in milliliters, and the acidity is shown in titration units; the secretion in 

response to the meal is taken over a period of 1 hour 45 minutes). 


TABLE 1 


Seasonal Variations in the Amount of Secretion and in the Acidity of Gastric Juice in 
Healthy Human Subjects when Fasting, and after a Test Alcoholic Meal 


After test meal 


Fasting 


Season 


Secretion 
(in ml) 


Free HCl (in 
titration units) 


Free HCl (in 
titration units) 


Secretion 
(in ml) 


Autumn 


Winter 


Spring 


Summer 


It can be seen from Table 1 that in healthy humans, both after fasting and after a test meal, considerable 
seasonal variations in secretion and in acidity occur, the amount secreted in autumn being increased, while there 
is a reduction in winter and in summer, the minimum value being obtained in spring; after a test meal, the 
maximal secretion is also found in autumn, the value in winter and in spring being reduced. 


The acidity (free acid and total acid) was greatest in autumn and spring, and least in winter, while after a 
test meal the maximum acidity was found in autumn, and the minimum in summer. 


In Tables 2 and 3, and in Figs. 1, 2, and 3, the results are given of experiments on secretion in dogs (Storm, 
Happy and Grey). 


It can be seen from Table 2 that in Storm the secretion of gastric juice in response to meat varied consid - 
erably over a period of 3 years, and that there was an increase in each autumn and spring, and a reduction in 
summer. The greatest difference between the autumn maximum and the summer minimum occurred in 1951, 
and amounted on average to 6.9 ml (42.8%). The difference between the spring increase and summer reduction 
was somewhat smaller, but occurred constantly every year. The change of secretion in winter was not such a 
characteristic feature (see Table 2). 


In Fig. 1,it can be seen that the autumnal increase in gastric secretion was most frequent in September 
(1952, 1953) and least frequent in October (1951). In the winter months, the secretion was increased only on one 
occasion (in February of 1952). In spring, the increase was most often found in May. The reduction of secretion 
was found every year in August, and then in January 1952 and 1954, and in February 1953, 1954. 
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TABLE 2 


Seasonal Variations in the Secretion of Gastric Juice in Response to Meat in Storm 


Amount of gastric juice 


To meat To bread 


| 


cidity (in 
itration units) 


Acidity (in 
titration units) 
Season 


Number of experiments 

Amount (in ml) 

Free HCl 

Latent period (in minutes) | 

Digestive power of juice 

Number of experiments 

Amount of juice (in ml) 

Total acid 

Latent period (in minutes) 

Digestive power of juice 


Total acid 
Free HCl 


a 
© 


Summer, August 1951 1.4 
Autumm, 1951 1.4 
Winter 1951/ 52 J 6.2 
Summer, 1952 7.5 
Autumn, 1952 9.6 
Winter, 1952/ 53 
Spring, 1953 5.0 
Summer, 1953 d d . d 4.5 
Autumn, 1953 d 5.0 
Winter, 1953/ 54 é J 5.5 
Summer, July 1954 J J 6.5 | 6.1 


The acidity of the gastric juice secreted in response to meat showed less typical seasonal variations than 
did the amount secreted, if we are to judge from the data in Table 2; in Fig. 1, it can be seen that there is an 
increase in the amount of free HCl, and this occurs in September or November and in May and June of each 
year, there being a reduction in August, October and in January. 


—Gastric juice(in ml) 


‘951 1952 1953 1954 


Fig. 1. Changes in the secretion of gastric juice in the dog Storm in response to meat,in 
the different months. 


Usually, the digestive power of the gastric juice increased in summer, and was reduced in autumn and in 
spring, i.e.,the change was in the opposite direction to'that of the amount secreted. 
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Fig. 2, Changes in the secretion of gastric juice to meat (a) and to bread 
(b) in Happy, in the different months. 


The latent period of the secretion was consistently reduce in summer (in August) and increased in winter, 
an alteration which indicates a change of excitability of the secretory apparatus at these periods. 


Seasonal variations in the secretion to bread were, in general, similar to those found for meat, but with a 
few exceptions. The amount secreted was maximal in spring and in autumn; a minimum value occurred in 
summer. The acidity was most frequently increased in winter and depressed in summer. The digestive power 
increased in summer and in autumn, and was reduced in spring, during the period of maximum secretion. The 
latent period was extended in summer and in autumn and shortened in spring and in winter. 


In Happy, the secretion both to meat and to bread was considerably greater in spring than in winter (Fig.2). 
A particularly large increase occurred in May. In this dog, the acidity of the juice did not show the typical 
fluctuations, but nevertheless the greatest increase was found in May and in December, while a reduction occurred 


in January and in April. 


TABLE 3 


Variation in the Secretion of Gastric Juice in Grey in Response to Meat in Different 
Months 


Amount 
of juice 
(in ml) 


Number 
of ex- 
periments 


Acidity (in titration 
units) 


Mont 
in min-| juice (in 


free acid 


May 1953 
June 

July 

August 
September 
October 
November 
December 
January 1954 
February 


Both the secretion and the acidity of the juice secreted in response to meat during the winter and spring 
months were considerably greater than in August (almost twice as great in winter, and more than twice as great 
in spring), while to bread, the increase was even greater (almost three times). 


The latent period of the secretion to meat was least in August and greater in winter and Spring (January 
and April). The latent period of the secretion to bread showed small variations, increasing in August and in 
December, and being reduced in January. 
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From this work we may conclude that the meteorological factors, which include increase of the environ- 
mental temperature, intensity of solar radiation, and fall in barometric pressure, cause a reduction in the amount 
and in the acidity of the gastric juice secreated, while cooling causes an increase. One set of meteorological 
factors are operative in summer and another in winter. In this way it is possible to produce a partial expalana- 
tion for the seasonal variations observed in our experiments. 


Naturally, the meteorological factors enumerated are not the only ones which might influence secretion, 
but they are sufficient to affect it. 


SUMMARY 


Gastric juice secretion has been investigated in 10 healthy persons withempty stomachs and after a test 
meal for a period of from one to three years. The results of the experiments point to seasonal variations of 
gastric secretion and to the acidity of the juice, both in healthy persons and in those suffering from various 
diseases. It increases in autumn and declines in summer. Gastric secretion has also been studied on 3 dogs 
with the isolated Pavlov pouch. The secretion to the natural stimuli also exhibited the variability of seasonal 
secretion (with a maximum in autumn and spring and a minimum in summer). Meteorological conditions are 
important factors with influence seasonal changes in gastric secretion. Sunshine and the temperature of the 
environment are of major importance. 
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EFFECT OF SUBTHRESHOLD OLFACTORY STIMULI ON THE SENSITIVY 
OF THE SENSE OF SMELL IN NORMAL AND 
PATHOLOGICAL CONDITIONS 


R. Z. Amirov 


From the Laboratory of Electrophysiology (Head — Candidate of 
Medical Sciences R.Z. Amirov) of the State Scientific Researh 
Institute of the Ear, Nose and Throat (Director — Honored 
Scientist Professor V.K. Trutnev), Moscow 


(Received December 30, 1957. Presented by Active Member of 
the AMN SSSR V.V. Parin) 


The present work consists of a study of the effect of subthreshold olfactory stimuli on the sensitivity to 
smell in healthy and sick persons, and includes a comparative study of adaptation to smell. 


METHOD 


The olfactometers used( O-3, O-4,and O-5) in these investigations of the olfactory analyzer and of human 
higher nervous activity allowed an accurate dosage of odorous substances to be introduced into a stream of air, at 
concentrations ranging from subthreshold upwards. 


The olfactory threshold was measured in two ways [1, 2, 3]. In the first method, after acquainting the sub- 
ject with the smell, the olfactory stimulator was connected to the air stream until the smell was appreciated 
(not more than 20 seconds elapsed), after which there was an interval of 1-14 minutes. 


The concentration of the odorous substance was gradually reduced so that,after an interval, a weaker olfac- 
tory stimulus was used. The lowest concentration of the substance which could be perceived was taken as re- 
presenting the threshold of smell. 


The difference in the second method was that, starting from a subthreshold value, the concentration of the 
substance was gradually and continuously increased every 5 seconds, until the smell was perceived. In order to 
obtain a precise determination of the olfactory threshold, this procedure was repeated with a slower rate of in- 
crease in concentration. 


At the beginning of the experiment, we used another method, since it allowed the threshold to be deter- 
mined considerably more rapidly. However, in some subjects, it was not possible to determine the sensitivity, 
since with repeated determinations of threshold, very considerable fluctuations in sensitivity occurred. A further, 
more detailed,study of subjects showing this peculiarity of the olfactory analyzer was carried out. 


It was found that determination of the threshold by the first method gives more accurate results than does 
the second method, where considerable variations in the threshold were found. 


In these subjects, a study was made of the sense of smell by both the first and the second methods, and the 
rate of increase of concentration of the odorous substance in the air stream was taken into account. 


* Report to the Moscow Section of the Society of Physiologists, December 24, 1954. 
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RESULTS 


An analysis of the results of the investigation using the second method showed that the sensitivity of the 
sense of smell is greater when the concentration of the odorous substance in the air stream is increased more 
rapidly (0.03-0.05 mm every 5 seconds). With a slow rate of increase of concentration of the odorous substance 
in the air stream (0.01 mm every 5-10 seconds), the sensitivity was considerably reduced, i.e.,the onset of 
sensation occurs only at quite a strong smell level, and sometimes there is a complete fatigue of the sense of 
smell. 


When the strength of the olfactory stimulus is increased rapidly (0.05 mm in 5 seconds), the effect of the 
subthreshold stimulus is not maintained for more than 15-20 seconds. With a slow increase of concentration 
(0.01 mm in 5-10 seconds) the subthreshold olfactory stimulus acts on the olfactory receptor for a longer time, 
and may continue to do so for several minutes. 


Thus, for example, in experiment No. 36, an increase in the concentration of camphor of 0.01 mm every 
5 seconds corresponds to an olfactory threshold of 2.95 mm, which corresponds to a strong stimulus such as is 
found in cases of definite hyposmia. 


TABLE 1 


Results of Experiment No. 152; Subject F.N.; Peppermint Oil Used as Odorous Substance 


Methods of deter- 
mining threshold 


Second Second Second 


Time of the 


: 5 seconds | 5 seconds 5 seconds 

change in 
0.01 mm 

strength of 


the smell 


Smell threshold 
(in mm) 


TABLE 2 


Results of Experiment No. 160; Subject T.A. ; Camphor Used as Odorous Substance 


Methods of determining 
threshold 


Time of the change 
in strength of the 
smell 


5 seconds | 10 seconds’ 
0.02 mm |0.01 mm 


5 seconds 
0.02 mm 


Smell threshold 
(in mm) 2.80+ 
The second determination of the threshold was carried out with a rapid increase in the strength of the 
stimulus (0.05 mm in 5 seconds), and the smell was perceived at 2.70 mm, which represented a normal sensiti- 
vity. 
With a subsequent slow increase in the strength of the odor (0.02 in 5 seconds),a reduction in olfactory 


sensitivity was once more observed. 


Consequently, when the strength of the stimulus is increased slowly from a subthreshold level, if the action 
of the subthreshold stimulus is continued for some time, there may be a reduction in smell sensitivity. Such a * 
reduction may be called subthreshold inhibition. 
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Subthreshold 


Threshold 


0510 20 00 0 2 
4 Time (in seconds) 


Subthreshold inhibition is found when the 
thresholds on the right and left halves of the nose 
are determined separately (Experiment No. 36). 


Determination of the olfactory threshold 
using the first and second methods was carried out 
using peppermint oil (Experiment No. 152) and 
camphor (Experiment No. 160). 


From the results obtained in experiment No. 
152, it can be seen that with a slow rate of increase 
of concentration of the odorous substance (0.01 mm 
per 5 seconds), the sensitivity was reduced, and 
corresponded to a micrometer scale reading of 


. Fig. Change in olfactory threshold in an influenza 
E patient for different rates of increase of the con- 

4 centration of the odorous substance (explanation in 
text). 


2.68 mm, while when the threshold was determined 
by the first method, where the concentration was 
increased rapidly (0.02 mm per 5 seconds), the 
sensitivity was high and equal to 2.65 mm. 


In the third, fourth, and fifth determination of the threshold, the first method of investigation was used, 
and the sensitivity was found to be quite high — 2.63 mm. But in the sixth determination of the threshold by the 
method giving a slow increase in strength and a longer action of the subthreshold stimulus, a reduction in sen- 


sitivity down to 2.68 mm was observed. 


In experiment No. 160, the gradual increase in the concentration of the odorous substance in the air stream 
(0.01 mm in 10 seconds) caused a marked reduction in the olfactory sensitivity, after which, as a result of adapta- 
tion brought about through the action of the subthreshold stimulus, the sensitivity remained depressed for several 
minutes. In some subjects this phenomenon is well shown (experiment No. 160) while in others it is less marked 


(experiment No. 152). 


Later tests showed that people in whom this phenomenon is well developed are those with the less excitable 


type of nervous system. 

Means were not available for determining human higher nervous activity types (temperaments), so we have 
had to confine ourselves to describing the inhibitory influence of subthreshold olfactory stimuli on sensitivity to 
smells in people with the less excitable type of nervous system. 


9 In many tests, carried out on more than 150 persons, it was shown that the inhibitory effect of subthreshold 
“a olfactory stimuli occurred in approximately 10% of those tested. 


This fact must be taken into consideration in any clinical diagnostic test. 


a It is thought that investigations of the sense of smell, in which the effects of subthreshold stimuli are 
studied, may yield results of diagnostic importance in various diseases. 


The case of poisoning through the slow absorption of toxic gaseous substances from the air, which may be 
present at first in subthreshold concentrations, may possibly be explained in terms of the inhibitory effect of sub- 


threshold stimuli. 


* In investigating olfaction in patients with influenza and severe catarrh, using an O-4olfactometer, changes 
in sensitivity, as well as adaptation and subthreshold inhibition were demonstrated. Subthreshold inhibition was 
found both in influenza patients and in those with severe catarrh. 


The figure shows a graph of the smell threshold in an influenza patient for different rates of increase of 
the olfactory stimulus. With rapid increase in the concentration, the threshold (1) is normal. The appreciation 
of the odor is indicated by a black dot (4.96). In the second determination of the threshold (2), when the 
strength of the smell was increased gradually, the sensitivity was reduced, the threshold value being 5.06, and 
this was the result of the inhibitory influence of the subthreshold stimulus; the normal individual variation was 
from 4.90 to 4.98 scale readings. 
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The results of these investigations showed that subthreshold inhibition is encountered somewhat more 
frequently in influenza patients than in those with severe catarrh, and also that it is found inalmost 50% of the 


patients. 


Thus, in influenza and in severe catarrh of the upper respiratory passages, subthreshold inhibition is found 
to occur much more often than in healthy individuals, and this evidently shows how commonly this condition 


occurs in these two illnesses. 


In influenza and in severe catarrh of the upper respiratory passages, a rapid adaptation of the sense of smell 
is observed, and this is shown sometimes in the complete inability to appreciate the scent of peppermint oil after 
only 15-30 seconds of continuous inhalation (more often,after 1-14 minutes), while in healthy subjects, fatigue of 
the sense of smell for this substance occurs,on average,after 4-6 minutes. 


Since in influenza,subthreshold inhibition,as determined by the second method, is found in 50% of the cases, 
further investigation of olfactory sensitivity was made by a combination of the first and the second methods, At 
first, an approximate determination was made using the second method, and this was further refined by the first. 


In carrying out olfactory tests with accurate olfactometers, subthreshold olfactory stimuli will inevitably 
be encountered, and it is therefore necessary to take into account the possibility of subthreshold inhibition oc - 


curring. 


The results on subthreshold inhibition reported here constitute one of the proofs of the physiological effect 
of subthreshold olfactory stimuli. 


SUMMARY 


The author designed an olfactometer which enabled him to demonstrate that,in 10% of healthy persons,the 
olfactory sensitivity is considerably diminished under the effect of a subliminal olfactory stimulus. This phenom- 
enon is considered to be due to the summation of the subliminal olfactory stimulation and is called “subliminal 
inhibition". The latter is observed in 50% of patients suffering from influenza or acute upper respiratory catarrh. 


The possibility that subliminal inhibition may occur should be taken into consideration when carrying out 
investigations on the sense of smell. 
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PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 


AN EXPERIMENTAL NEUROSIS DUE TO LACK OF SLEEP 


M. A. Ukolova 
From the Rostov-on-Don State Medical Institute (Director — Prof. E.M. Gubarev) 


(Received July 2, 1958. Presented by Active Member AMN SSSR V.N. Chernigovskii) 


As shown by the work of P. S. Kupalov and his co-workers [5], experimental neuroses may arise in animals 
not only in consequence of over-intensive stimulation, of extremely fine differentiation,or of conflict between 
excitatory and inhibitory processes, but also by the influence of the most diverse factors directly or indirectly 
creating difficulties and unfavorable conditions for cortical activity. 


It might be expected that “the difficulty of balancing excitatory and inhibitory processes” by prevention 
of sleep in experimental animals, to which attention has already been drawn by M. K. Petrova [8], may also 
under certain conditions reach an intensity causing interruption of nervous processes. 


There are reports in the literature of the impossibility of preventing sleep in man for long periods of time 
(7, 11], of changes in the tests of the following movements of the eye after only one period of lost sleep [3], of 
a “neurosis of the sleep mechanism" [4],and of changes in the cortical dynamics in children whose normal sleep 
pattern is upset [1]. 


During the investigation of experimental insomnia in animals,the vital importance of natural sleep was 
established [6], changes in conditioned reflex activity were discovered [2], and biochemical changes were de- 
tected in the central nervous system and the blood [9, 12]. 


The object of this research was to examine the course of the higher nervous activity in animals. deprived 
of sleep,as far as possible,for a period of 2 days. 


EXPERIMENTAL METHOD 


The work was carried out on two young male dogs, Pirat and Kazbek, each of which had an external 
fistula of the parotid ducts. The animals were distinguished from each other by their general behavior: Pirat 
was lively, but easily inhibited; the younger Kazbek showed signs of being of the impetuous type. 


In both animals, positive conditioned reflexes were developed to a bell, a light and to the high tone (+) of 
a sound generator (1500 cps), and also to a differential low tone -) (400 cps). 


Corresponding to the order of formation of the reflexes, the conditioned stimuli were arranged in the fol- 
lowing stereotype: bell, light, high tone, low tone, and,at the end of the experiment, the bell once more. This 


stereotype of reflexes was firmly consolidated over a period of one year, after which the experimental insomnia 
was commenced, 


The animals were kept under observation throughout the 24 hours, starting with the first hour of the ex- 
periment. Pirat behaved quietly during the experiment, reacting only to a new stimulus. Kazbek spent most of 
the time in moving about, whining and trying to get away from the apparatus. 


The animals were placed in the experimental chamber for the usual time required for investigation of the 
conditioned reflexes. At night,the animals were taken into an illuminated yard where, from time to time they 
were walked around and harassed, so that they were unable to lay down their head or close their eyes. 
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Fig. Volume of conditioned secretion of saliva in divi- 

sions of the scale; one division was equal to 0.01 cm, 

1) During the first 10 seconds; 2) during the second 10 

seconds; 3) total secretion during 20 seconds of isolated 

action of the signal. I) The day before deprivation of 

sleep; II) after deprivation of sleep for 24 hours; III) IX 0 
after deprivation of sleep for 48 hours; IV) first day aft- 

er unlimited sleep; V) second day of natural sleep pat- 

tern; VI) tenth day of natura] sleep pattern; VII) 17 days 

after deprivation of sleep; VIII) 1 month 20 days after 
deprivation of sleep; 1X) after an interlude of 2 months 

in the experiments; X) at the end of a month of work P 0 
after a rest. 
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EXPERIMENTAL RESULTS 


At the beginning of the first night,the dogs were vigilant, and they quickly seized the smali pieces of 
bread thrown to them. Toward the end of the night, however, first Pirat and then Kazbek began to try to go to 
sleep. They began to react sluggishly to calls, barks of other dogs and so on. In the morning,the conditioned 
reflexes of both dogs were tested. 


In the course of the day, the dogs showed, besides an increasing tendency to sleep, a reduction in their 
appetite (both ate only half their ordinary daily ration of food). 


In these conditions, almost continuous extraneous activity was required in order to prevent the dogs from 
falling asleep, and moreover they occasionally displayed an agressive reaction. 


At nightfall,on the second day,the reaction of both dogs to the surroundings was considerably decreased 
and their tendency to sleep was increased. If during walking about, for instance, the dog became entangled in 
its chain, it made no attempt to free itself, but stood still and shut its eyes. 


At the end of the night Pirat could not sit up, but fell, while Kazbek, no sooner had he sat up than he hung 
his head down and closed his eyes. At the same time,Pirat began to show a distinctive reaction; he began per- 
sistently to lick an area of skin on the forelimb. This appeared to be a perverted form of the “therapeutic re- 
flex" described by I.P. Pavlov in dogs during transitional forms from vigilance to sleep [10]. 


The results taken from the experimental records which are given below (see figure, a, b) show the changes 
in the stereotype of conditioned salivatory reflexes produced in consequence of forced lack of sleep. 


As may be seen from the diagrams, all the established conditioned reflexes apart from the reflex to the 
weak stimulus — the light — disappeared in Pirat during deprivation of sleep (see figure, a~I, II), and in Kazbek 
the reflexes to the strong stimuli were greatly decreased but those to weak stimuli were increased, i.e.,there 
developed an equalizing (see figure, b~I) and particularly clearly a paradoxical (see figure, b-III) hynotic phase. 


The behavior of the animals was also characteristic: refusal to eat, and sleepiness overcome with dif- 
ficulty. Even when the animals were able to maintain their state of alertness in the intervals between the 
signals, as a result of opening the door into the chamber, cries, pretended untying their leads and other methods, 
during the action of the signals, and especially the differential, Pirat did nothing but fall down, while Kazbek 
hung on his collar, pulling at it to such an extent that difficulty in breathing appeared. 


Of greatest interest, however, were the changes in conditioned reflex activity which arose after the period 
of forced deprivation of sleep had ended. 


The conditioned salivatory reflexes remained diminished in magnitude and extremely irregular for a long 
time. The latent periods were lengthened 4-5 times. Phasic states developed, and equalizing (see figure, a~ 
X and b-VIID, paradoxical and ultraparadoxical phases (see figure, a~VII, VIII) were observed. 


Instead of the usual increase in salivation during the isolated action of the conditioned stimulus, it often 
began to fall at the moment of reinforcement (see figure, b- IX, X), and the unconditioned reflexes were altered 
too, as shown mainly by the more rapid fall in their magnitude at the end of the experiment. 


The behavior of the animals altered correspondingly. The appearance of the food when the feeding dish 
was uncovered caused salivation, but movements in the direction of the feeding dish did not take place. 


In a number of cases,the animals took food only during the action of the weak signal — light — or after 
cessation of the strong — the bell and tone. As a rule,refusal to eat from the feeding dish was observed. It was 
necessary to enter the chamber, raise the dish of food to the dog's nose and, only when the animal started to eat, 
to replace the dish in the feeding receptacle. 


All these disturbances, which were signs of neurosis, were expressed much more intensively in Pirat than 
in Kazbek: in Pirat’s behavior,a tendency to remain chained up was most pronounced, whereas Kazbek showed 
constant restlessness. 


After a slight improvement, Pirat's conditioned réflex activity began to deteriorate, and after a month end- 
ed in total disorganization (see figure, a--VIII). Only after an interruption of two months in the work was there a 
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return to relatively normal behavior (see figure, a~IX), In Kazbek the neurotic disturbances began to clear up 
sooner, and after an interval of two months restoration of the conditioned reflexes was more than complete (see 


figure, b-IX). 


The differing degree and form of the neurotic changes in the salivatory reflexes and the behavior of the 
dogs Pirat and Kazbek corresponded to the different types of nervous system of the two animals. Different re- 
lationships between the intensity of the cortical and subcortical processes, of great importance in the onset and 
character of the neurosis, may also have been revealed in this case( E.A. Yakovleva, [10]). 


The predominance of phenomena associated with the severe diminution in the magnitude of the condition- 
ed reflexes in the picture of the developing neurosis, the development of phasic states and so on indicated that 
underlying these disturbances was a weakening of the process of excitation, evidently as the result of artificial 
removal of the protective inhibition of sleep. 


SUMMARY 


The course of the higher nervous activity processes was studied on 2 dogs with the aid of the classical 
Pavlov's method of conditioned salivary reflexes,after they were deprived of sleep for 48 hours. Disturbances 

of the conditioned reflex activity (of the neurosis type) develop in these conditions, the degree and the form of 
which reflect the typological peculiarities of the animals. 
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THE APPEARANCE OF ASYMMETRY IN THE ELECTROENCEPHALOGRAM 
OF THE CEREBRAL HEMISPHERES AFTER UNILATERAL INJURY 
OF THE LUNGS 
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(Received October 11, 1958. Presented by Active Member AMN SSSR V. N. 
Chernigovskii) 


In previous research in this laboratory [8],it was shown that thermal injury of the lungs produces disturbance 
of both conditioned and unconditioned reflexes. It would therefore be expected that injury of the lungs would 
also involve a change in the electrical activity of the cerebral cortex. The aim of the present investigation was 
to study the electrical activity of the cerebral cortex during burn injury of the lung. 


In the clinical literature,there are several papers describing thechanges in the electrical activity of the 
cerebral cortex in pneumonia, tuberculosis and bronchial asthma [1, 5, 7, 9, 11, 13, 14, 22, 25-27, 28). In these 
Clinical investigations,the changes in the electrical activity of the cerebral cortex could have been the result of 
several disturbances affecting the body during diseases of the lungs and exerting a direct influence on the cortex— 
anoxemia, toxemia, fever. 


There are only two experimental papers in which changes are described in the electrical activity of the 
brain in association with lesions of the lungs. 


In one of these [17],changes in the electrical activity of the brain were observed during an attack of ex- 
perimental asthma in guinea pigs. In another work [3],changes in the electrical activity of the brain were not- 
ed in pneumonia in rabbits. The pneumonia was induced by stimulation of various nerve formations (by sub- 
occipital injection of turpentine emulsion, or by crushing the superior cervical sympathetic ganglia), which 
could themselves affect the electroencephalogram. 


EXPERIMENTAL METHOD 


In our experiments,the lung was injured by injection of hot water (80 -90°) into its substance, in a volume 
of 3-4 ml from a syringe through the chest wall. As previous laboratory investigations showed, the disturbances 
of the bodily functions arising under these circumstances were due to a pathological flow of impulses from the 
lesion to the central nervous system. 


Various investigations (2, 6, 12, 15, 18] have shown that the electrodes in common use, when inserted into 
the various subcortical structures, into the cortex,or epidurally, cause considerable functional and morphological 
changes in the vicinity of the lead. For this reason, certain workers [4, 6] tap the cortical potentials through the 
thin bone of the cranium. We also adopted this method of tapping the cortical potentials. For this purpose,we 
used buried electrodes, consisting of hollow steel cylinders, 2.5 mm in diameter and 2.5 mm long. Inside each 
cylinder, there was a screw thread to which the wire taking the potentials was screwed before the experiment. 
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At the base of the cylinder was a needle-shaped projection, 0.75 mm long. Before insertion, the base of the 
electrodes, as well as the needle-shaped projection, were coated with an insulating layer of BF-2 glue or of 
soluble plexiglas. As soon as they had been coated with glue, the electrodes were driven into the previously 

exposed skull bones by light blows of a hammer, and then fixed with phosphate cement. The short,needle-shaped 
projection of the electrode enabled the cortical potentials to be tapped through a thin layer of bone of the skull. 


The potentials were tapped by bipolar leads (interelectrode distance 6-8 mm)from the frontoparietal and 
occipital areas of each hemisphere and fed into an amplifier with a linear frequency characteristic of 0.2 to 
200 cps. The recordings were made on an ink apparatus with a linear frequency characteristic of 0 to 70 cps. 


The animal was kept in a screened room, in a narrow box which restricted its movements but which did 
not interfere with its natural position. Having the animal free and unfixed in this way enabled the various stages 
of the change from alertness to sleep to be observed without the use of drugs. After the animal had become 
accustomed to the experimental conditions, in the course of 2-3 days, a recording was made of the action po- 
tentials of the brain and of respiration for a period of 1} - 2 hours. The lung was then injured, after which the 
electroencephalogram and respiration were recorded for 4-5 hours and then for an hour on the following 2-3 days. 
The experments were carried out on 13 rabbits. 


EXPERIMENTAL KESULTS 


In the intact rabbit accustomed to the experimental conditions, the electroencephalogram showed periodic 
bursts of fairly frequent (15-20 oscillations per second) high-voltage (80-100 y v) waves — the so-called sleep 
“spikes” (Fig. 1, A). 


In the frontoparietal area, the voltage of the spikes was higher than in the occipital area. In addition, the 
spikes in the frontoparietal area were usually from two to three times more frequent than in the occipital area. 
Irrespective of the location of the electrodes, the sleep spikes in the intact rabbit almost always appeared 
symmetrically, i.e.,at the same time in both hemispheres; in only a few rabits were one or two or, in extreme 
cases,three asymmetrical spikes seen amid 100-200 symmetrical spikes. Asymmetry was shown by the fact that 
the appearance of a spike in one hemisphere was accompanied by an indefinite rhythm in the other. 


Fig. 1. So-called sleep “spikes” in the elec- Fig. 2. Desynchronization in the elec- 
troencephalogram of an unanesthetized rabbit. troencephalogram of the frontal areas . 
A) before injury to the lung; B) 35 minutes of the brain of the rabbit after injury 


after injury to the left lung. to the lung. 


Thermal injury to the lung led to desyncronization, usually lasting 10-30 minutes (Fig. 2). Desynchro- 
nization was characterized by the disappearance of the slow, high-voltage waves and spikes and by the appearance, 
mainly in the frontoparietal area, of well-developed low-voltage rapid (30-40 oscillations per second) rhythms. 

In the occipital leads,clear oscillations appeared, with a frequency of 5-7 per second. 
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Novocain infiltration of the site of puncture 
neither prevented nor shortened the duration of de- 
synchronization. The desynchronization was ob- 
viously the result of stimulation of the afferent 
pathways of the lung. In view of the fact that the 
main afferent pathways from the lung pass along the 
vagus nerve, it might be thought that the desynchro- 
nization which we observed was the result of im- 
pulses passing along the vagus nerve to the brain. 
This was the conclusion reached by Moruzzi et al. 
[29] from their experiments. It was shown in these 
experiments on the “encephale isole" preparation 

of the cat that stimulation of the vagus nerve caused 
desynchronization of the activity of the whole cortex. 


Usually, from 10 to 30 minutes after injury to 


Fig. 3. Spikes in the electroencephalogram the lung, desynchronization gave way once again to 
of the unanesthetized, vagotomized rabbit. a slower, synchronous rhythm, which was replaced by 
A) before injury to the lung; B) 20 minutes sleep spikes. In contrast to the intact rabbits, how- 
after injury to the right lung. ever, in which these spikes appeared simultaneously 


in both hemispheres in the overwhelming majority 

of cases, in rabbits with injury to the lung an obvious 
asymmetry was observed in their features (see Fig. 1, B). This asymmetry was shown by the fact that with the 
appearance of spikes in the ipsilateral hemisphere, oscillations were observed in the contralateral hemisphere, 
which revealed some degree of desynchronization. Asymmetry was usually observed during the transition from 
the stage of waves with an indefinite rhythm to the stage of spikes. At this time,half or even two thirds of all 
the spikes were asymmetrical: in the electroencephalogram of the contralateral hemisphere they were absent. 
The number of asymmetrical spikes then gradually decreased, and 2-3 hours after injury,asymmetry of the spikes 
was revealed only from time to time as a delay in their appearance in the contalateral hemisphere by compar- 
ison with the ipsilateral. From 3 to 4 hours after injury to the lung, the symmetry of the bioelectrical activity 
of the hemispheres was usually restored. 


The asymmetry just described was not the result of stimulation from which impulses proceed along afferent 
nerves supplying the tissues damaged by the needle of the syringe as it entered the lung, for insertion of the 
needle alone, without infliction of a burn to the lung, caused no asymmetry of the spikes. 


It was naturally suggested that the cause of the asymmetry was impulses passing from the site of injury to 
the lung along the vagus nerve to the brain. 


In order to investigate this suggestion, in the next series of experiments,the lung was injured after a pre- 
liminary bilateral vagotomy. Division of both vagus nerves in the cervical region itself caused desynchroniza- 
tion, which lasted for many hours if the operation was performed without anesthesia. If the operation was carried 
out under local anesthesia, then only 40-60 minutes after division of the vagus nerves,the spikes reappeared, and 
were even more clearly shown than before the division: the spikes had a greater amplitude and were seen more 
frequently than in the intact rabbits. Injury to the lungs of the vagotomized animals did not cause even a hint 
of asymmetry of the spikes in even one experiment (Fig. 3). 


The facts presented demonstrated first, that asymmetry of the spikes apppearing after injury to the lung 
was in fact the result of a spread of impulses from the site of injury in the lung along the vagus nerve, and 


secondly, that the afferent pathways from the lungs to the frontoparietal and occipital areas of the cortex were 
crossed. 


According to the modern view, desynchronization is the result of stimulation of the reticular formation, 
which has a generalized action on the whole cortex. Among the many papers devoted to investigation of the 
reticular formation, in a few, is described the appearance of a more or less limited desynchronization. Jasper 
and Penfield [23] and, later, Gastaut [20] for instance, described a local desynchronization appearing in the 

cortical representation of the upper limb of the unanesthetized human subject during movement of the 
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corresponding limb. Gellhorn et al. [10, 21] reported desynchronization of the activity of the sensomotor area 
of the cortex in response to nociceptive and proprioceptive stimulation of the hindlimb in cats and monkeys 
under moderate barbiturate anesthesia. Ectors [16] described the local desynchronization of cortical activity 
in response to weak visual, tactile,or olfactory stimulation. Moruzzi and Magoun [24] observed desynchroniza - 
tion of the activity of the ipsilateral cortex only in response to weak stimulation of the reticular formation of 
the brain stem in cats. 


In the experiments of French et al. [19], stimulation of the brain stem of monkeys caused desynchroniza- 
tion of the activity of.mainly,the frontoparietal area of the cortex. In some cases,local desynchronization of 
the activity of the frontoparietal area of the cortex was observed in response to stimulation of the sciatic or 

splanchnic nerves; such stimulation never produced desynchronization of the activity of the temporal or occip- 
ital areas of the cortex. 


Our results also showed that peripheral stimulation may lead to limited (to the hemisphere contralateral 
to the injured lung) desynchronization. 


It may be concluded from our experimental findings that the change in the EEG observed during lesions 
of the lungs may be the result not only of anoxemia, toxemia, or fever, as several authors have pointed out, but 
also of nervous impulses from the site of injury. 


SUMMARY 


A pronounced asymmetry of the biolectricactivity occurs during the first 10-30 minutes following thermal 
injury of the lung. It is manifested by the appearance of sleep spindles in the hemisphere, ipsilateral to the 
injured lung. Oscillations without a definite rhythm are observed in the contralateral hemisphere, testifying to 

a certain desynchronization. Lung injury inflicted to previously vagotomized rabbits does not cause the above 
asymmetry. Thus,the impulsation transmitted along the vagus from the site of lung injury may cause a limited 
desynchronization in the hemisphere contralateral to the injured lung. 


A conclusion is drawn that the EEG changes observed in lung affections may be due not only to hypoxemia, 
toxemia, or fever (as pointed out by a number of authors), but also to impulsations from the focus of injury. 


LITERATURE CITED 


[1] S.A. Agranovich, M.I. Bobrovskaya and E.V. Egorova, Problemy Tuberk., No. 1, 19-26 (1956). 


{2] N.I. Arlashchenko and G.M. Erdman, Fiziol. Zhur. SSSR, No. 1, 22-25 (1957). 


[3] A.N. Boiko, The Bioelectrical Activity of the Brain during Certain Conditions Leading to the De- 
velopment of Experimental Pneumonia. Candidate's Dissertation, Rostov-on-Don, 1956 [In Russian]. 


[4] R.N. Lur'e and L.G. Trofimov, Fiziol. Zhur. SSSR, No. 4, 348-356 (1956). 


[5] G.S. Pashkevich, Electroencephalography and Its Clinical Importance in Childhood. Candidate's 
Dissertation, Moscow, 1953 [In Russian]. 


{6] A.I. Roitbak, Soobshch. Akad. Nauk Gruz. SSR, 15, No. 1, 41-47 (1954). 
(7) K.F. Sokolova, Pediatriya, No. 1, 10-18 (1956). 


[8] S.I. Frankshtein, Reflexes of Pathologically Changed Organs. Moscow, 1951 [In Russian]. 


[9] Kh. G. Shneerova, Abstracts of Papers from a Scientific Meeting of the Research Institute of Maternal 
and Child Care, pp. 24-28. Sverdlovsk, 1955 [In Russian]. 


{10} M. Bernhaut, E. Gellhorn,and A. T. Rasmussen, J. Neurophysiol., 1953, v. 16, p. 21-35. 


[11] R. Chobot, H.D. Dundy and B. L. Pacella, J. Allergy, 1950, v. 21, p.334, 338. 


[12] J.C. Collias and E. E. Manuelidis, J. Neurosourg., 1957, v. 14, p. 302-328. 


[13] A. Denier, J. Radiol.et Electrol., 1951, v.32, p.830-831. 
[14] S.C. Dess, H. Lowenbach, Ann. Allergy, 1948, v.6, p.99-108. 


2 

& 

| 

ha 

4 

: 

4 

a 573 


[15] H.W. Dodge, M.C. Petersen, C.W. Sem-Jacobsen et al., Proc. Staff Meet.Mayo Clin., 1955, v.30, 
p.215-221. 


[16] L. Ectors, Arch. Intern. Physiol., 1936, v. 43, p.267-298. 

[17] J. Faure, J. Gruner, R. Quilichini et al., Rev. Neurol. 1956, v.95, p.497-501. 

[18] G. Fischer, G.P. Sayre, R.G. Bickford, Proc. Staff Meet Mayo Clin, 1846, v.32, p.14-21. 

[19] J.D. French, F.K. Amerongen, H.W. Magoun, Arch. Neurol. a. Psychiatr., 1952, v.68, p.577-590. 
[20] H. Gastaut, Rev. Neurolog., 1952, v.87, p.176. 

[21] E. Gellhorn, Arch, Intern. Pharmacodyn, 1953, v.93, p. 434-442, 

[22] B. Holmgren, S, Kraepelien, Acta paediatr., 1953, v. 42, p. 432-441. 

[23] H.H. Jasper, W. Penfield, Arch. fur Psychiatrie u. Nervenkrankheiten, 1949, Bd. 183, S, 163-174, 
(24) G. Moruzzi, H.W. Magoun, Electroencephal, a. Clin. Neurophysiol., 1949, v.1, p.455-473. 

[25] P. Nayrac, M. Beaussart, Rev. neurol, 1957, v.96, p.563-564. 

[26] R. Panzani, M. Turner, Presse med., 1952, v.60, p.1826-1828. 

(27) RJ. Panzani, Franc. med. chir. thor., 1953, v.7, p.678-691. 


[28] D.L. Winfield, PJ. Sparer, S. Phillips, Electroencephal. a. Clin. Neurophysiol., 1954, v.6, p.49-151. 


[29] A. Zanchetti, S.C. Wang and G. Moruzzi, Electroencephal. a. Clin. Neurophipiol. 1952, v. 4, p. 357- 


y 
3 
4 
a 
4 
Joe 
3 
q 
361 
a 
J 
4 
ne, 
4 
4 
574 
_ 


THE RATE OF FLOW OF THE LYMPH IN AN INFLAMMATORY FOCUS 
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Numerous investigations have revealed the barrier properties of the inflammatory focus, leading to the 
retention of both high-molecular particles and low-molecular compounds in the focus. The delayed resorption 
of low-molecular compounds from the focus of inflammation is explained by a slowing of the rate of the lymph 
flow in inflammatory tissue [3, 4, 5] and by the formation of complexes through the interaction of these subs- 
tances with the proteins of the exudate [6]. Fixation of particles and of high-molecular compounds in the in- 
flammatory focus is explained by phagocytosis and by interference with the outflow of lymph by the formation 
of fibrin plugs [10] in the lymphatic capillaries and by spasm of the lymphatic vessels [11]. The condition of 
the flow of lymph within the inflammatory tissue cannot, however, be considered to be conclusively explained. 
In accordance with the known fact that the outflow of lymph from an inflamed limb is increased, for instance, 
it has been concluded that the retention of particles in the inflammatory focus is due to their adsorption on 
fibrin and not to the slowing of the flow of lymph [9]. 


In order to elucidate this problem, we carried out direct investigations of the rate of flow of the lymph in 
an inflammatory focus. 


EXPERIMENTAL METHOD 


Inflammation was induced by the application of 0.05 ml of xylol to a shaved area of the skin of the 
abdominal wall of rabbits. 


The state of the lymph flow was judged by the rate of removal of serum protein, labeled with 11 in- 
jected intradermally [1, 2, 7]. 


The serum proteins of the rabbits were labeled by the method of Francis, Mulligan and Wormali [11]. 
Labeled serum (0.02 ml) was injected into the skin of the abdomen of the rabbits before the application of xylol, 
immediately after application and again after 40 minutes. The skin over the site of injection of the serum was 
carefully washed 5-6 times by separate cotton-wool swabs soaked in water. The distance between the site of 
injection of the serum and the end-type radiation counter throughout the experiment was 2cm. The radiation 
intensity was recorded every minute at intervals of one minute by means of a type B apparatus. The background 
radiation was measured before and after each experiment. 


From the results obtained curves were drawn using a semilogarithmic system of coordinates (on the abscissa, 
time in minutes, on the ordinate, the logarithm of the number of impulses). The rate of removal of labeled 
protein from the skin and, consequently, the rate of flow of lymph in the skin were estimated from the time of 
removal of one half the labeled protein injected intradermally. The details of the method are described in our 
other paper [2]. 
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EXPERIMENTAL RESULTS 


The course of removal of the labeled serum proteins injected intradermally into 11 rabbits is shown in the 
table. 


TABLE 


Time of Removal of Half the Labeled Serum, Injected Intradermally, from Normal and 
Inflamed Skin in Rabbits (in minutes) 


Before application After application of xylol 


of xylol to the 
skin 


Rabbit | Weight of rabbit 
No. (in kg) Time of measurements ( minutes) 
0-40 40-100 


80 82 153 
94 96 
89 67 123 
90 108 
90 47 105 
94 60 92 
84 141 
89 99 
86 100 
81 107 
89 171 


WON 


87.8 117.6 


= 


4.6 26.1 


Q 


m+ 1.4 1.9 


Analysis of the results shown in the table demonstrates that at the very beginning of development of in- 
flammation (during the first 40 minutes after application of xylol to the skin) the rate of removal of serum pro- 
teins, injected intradermally, from the inflammatory focus was sharply increased (P < 0.01). 


In the subsequent development of the inflammation (40-100 minutes after the application of xylol) the 
rate of removal of the labeled serum proteins from the inflammatory focus was slowed (P < 0.01). 


An increase in the rate of removal of the labeled serum proteins from the inflamed tissue was observed 
only at the very beginning of development of the inflammatory process. This was evidence of an increase in 
the intensity of the lymph flow at this period of development of the inflammation and corresponded to the ac- 
celeration of the blood flow which we have described previously [3]. Soon the lymph flow, like the blood flow, 
was slowed. The proteins injected into the inflammatory focus began to be retained in the tissue. Side by side 
with the slowing of the blood and lymph flow in the inflammatory focus, at its periphery, the blood and lymph 
circulation were intensified. This accounted for the apparent discrepancy between the slowing of the lymph flow 
in the inflammatory focus and the increased outflow of lymph from the inflamed limb. 


SUMMARY 


Inflammation in rabbits was caused by xylol application to the skin of the abdomen (the hair being pre- 
viously cut). The velocity of the lymph flow was determined by the rapidity of removal of the homologous 
labeled serum, injected intradermally. The velocity of removal of labelled proteins is higher during the first 
40 minutes following the application of xylol, and subsequently decreases. Thus, stagnation of the lymph devel- 
ops in the focus of infection after a short period of accelerated velocity of the flow. 
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THE EFFECT OF HIGH ENVIRONMENTAL TEMPERATURE ON THE WATER 
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The literature on water metabolism during exposure of the body to a high environmental temperature is 
comparatively extensive [1, 2, 3, 6, 7, 12]. The information given in the literature is mainly concerned with 
the exchange of water between the body and the environment through the lungs, skin, kidneys and gastrointestinal 
tract. So far, however, little attention has been paid to the interchange of water within the body between the 
various fluid media (blood plasma, extracellular and intracellular fluids). Nevertheless, changes in the quantity 
of extra- and intracellular water may be the cause of disturbances of metabolism and of the functions of various 
organs and systems of the body during exposure to a high environmental temperature [4, 5, 11]. We have pre- 
viously shown [8] that during exposure of the body to a high environmental temperature (40-42°), in addition to 
a general small loss of water (about 1-2%), there also occurs a considerable redistribution of water in the organs 
and tissues, in the form of an increase in the quantity of extracellular and a decrease in the intracellular water. 
R.V. Chagovets [9] put forward the suggestion that under these conditions a peculiar “desiccation” of the cells 
takes place, with no significant loss in the total water content of the tissues associated with the change in the 
metabolism during overheating and, in particular, with profound changes in the tissue proteins. The essence of 
this phenomenon evidently also includes changes in the physicochemical properties of the intracellular colloids, 
most probably in the appearance of states which are accompanied by a reduction in the power of the colloids of 
the protoplasm to undergo swelling and to combine with certain ions. 


The aim of the present investigation was to define the degree and the nature of the loss of water by the 
body during exposure to a high environmental temperature and to study the character of the changes in water 
distribution between the internal fluid media (blood plasma, extracellular fluid, intracellular fluid) with a 
negative water balance. 


EXPERIMENTAL METHOD 


The water metabolism of rabbits was studied by the usual methods, and the distribution of water in the body 
as a whole was examined in the same animal by the aid of radioactive isotopes. 


The content of total water, extracellular fluid, intracellular water and water of the blood was determined 
indirectly from the following information: 1) the total loss of water was estimated from the fall in the body 
weight of the animal during the experiment, allowing for the excretion of urine and feces; 2) the origin of the 
water expended was estimated by the change in volume of the extracellular fluid and of the fluid part of the 
blood of the animal when exposed to a high environmental temperature by comparison with these values under 
ordinary temperature conditions; 3) the change in the content of intracellular water was estimated from the re- 
sults of 1 and 2. 


The total loss of water was determined by weighing the animal. The difference between the total loss of 
water and the volume of urine excreted gave the extrarenal water loss. 
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The volume of the extracellular fluid was calculated by subtracting the volume of the plasma from the 
volume of the “radiosulfate” space, including the extracellular water and the water of the plasma. The volume 
of the “radiosulfate” space was determined with the aid of sodium sulfate, labeled with 5 [8], and the blood 
volume was measured by using red cells labeled with radioactive phosphorus [11]. 


These investigations were carried out by means of a method which we ourselves devised for simultaneous 
determination of the "radiosulfate” space and the blood volume in the same animal, using one single injection 
of the two radioactive isotopes S** and P*?, 


The volume of the fluid part of the blood (plasma volume) was calculated by subtracting the volume of 
the red cells from the total volume of the blood. The red cell volume and hemoglobin content were estimated 
from the specific gravity of the blood and plasma by the falling drop method in a solution of copper sulfate [12). 
The change in the red cell dimensions during exposure to high temperatures was determined by the method sug - 
gested by N. V. Danilov [1]. 


As a control we used the analogous hematological indices as established in the rabbits at the beginning of 
the experiment, before exposure to high temperatures, and at ordinary room temperature (18-20°C). In these 
conditions the volume of the "radiosulfate” space and the blood volume of the rabbits were determined. 


In order to ascertain the effect of the temperature factor, experiments were performed in which heating 
took place in a warm room-incubator at a temperature of 42-45° for a period of 3 hours, without taking food. 


The investigations were carried out on 6 adult rabbits, weighing 2-3 kg. Repeated experiments on the 
same rabbits were performed after not less than 20 days. Altogether,19 experiments were performed. Control 
experiments wer carried out on 10 rabbits at ordinary room temperature (18-20°C). 


EXPERIMENTAL RESULTS 


The investigations showed that by exposure of the animals to a high temperature (42-45°C) for 3 hours 
without food, their rectal temperature rose by 1.7-3.6°C (on the average by 2.5°). 


TABLE 1 


Loss of Water from a Rabbit during Exposure to a High Temperature (42-45°C) for 3 Hours without Water 


Loss of water 


Body weight 
experimentsafter heating 


In the urine Extrarenal 


as a %of the 
total loss 


Total 


as % of body 
weight 


as a Mof the 
total loss 


The experimental results given in Table 1 demonstrate that the water balance was disturbed during ex- 
posure to a high environmental temperature, and that,in fact there was a negative water balance amounting to 
2.16% of the body weight. Under these circumstances,changes appeared in the character of the water loss and 

of the distribution of water in the body. In the majority of the rabbits, diuresis accounted for on the average about 
10.12% of the total loss of water, and in some experiments diuresis was completely absent. The extrarenal water 
loss comprised,on the average,about 95.75% of the total loss of water. 


It follows from the results given in Table 2 that during exposure to a high environmental temperature 
(42-45°C) the volume of the "radiosulfate” space of the rabbit rose mainly on account of an increase in the 
volume of extracellular water and of a slight increase in the plasma volume. 


Furthermore, on the basis of results indicating an increase in the dimensions of the red cells (Table 3), 
some retention of water in the red cells might be assumed. 
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TABLE 2 


Distribution of Water in the Body of Rabbits Kept at Ordinary Temperatures (18-20°C) and of Rabbits Exposed to 
High Temperature (43-45°) without Water 


q Volume of Red cell Plasma Volume of 
Number of 
cf Experimental conditions : “radiosulfate volume volume extracellular 
j experiments 
4 space (in ml) water (in ml) 
Control (18 -20°C) 29 803.54 38.0 
4 Temperature of 43-45°C 


without water 19 


TABLE 3 


Changes in the Red Cell Count, the Hemoglobin Content and the Dimensions of the Red 
Cells of Rabbits Exposed to High Temperatures by Comparison with Controls (18 -20°C) 


Decrease in dimen- 
sions of red cells 


(in %) 


Decrease in 
hemoglobin 


(in 


Decrease in red 
cell count 


(in 


Number of 
experiments 


10.64+1.3 1.024+0.33 6.9141.2 


Bearing in mind that,during the exposure to high temperatures (for a period of 3 hours),no water was taken 
into the body, it could be accepted that the source of the loss of water indicated and of the increased water 
content of the extracellular spaces of the body is the internal reserves, i.e.,the intracellular water. 


Thus,during exposure of rabbits to a high environmental temperature (43-45°C) with inadequate water to 
drink or none at all, a negative water balance was found, amounting to 2.0-2.5% of the body weight. Diuresis 
was reduced, and,in several cases,was absent altogether. Water was expended mainly by extrarenal loss. In these 
conditions,the water content of the extracellular spaces was increased and at the same time there was a decrease 
in the volume of water within the cells. The blood volume and the volume and number or red cells were de- 
creased, whereas the dimensions of the red cells were increased. 


SUMMARY 


Water distribution among various liquid media was studied in rabbits under high external temperatures 
(+ 43°, + 45°C) by the concurrent determination of the volume of blood and cellular fluid ,with the aid of ra- 
dioactive isotopes. The total water loss and the changes of certain hematological indices were also investigated. 

The loss of water during a 3-hour exposition of the rabbit to heating with no water to drink amounted to from 2 

to 2.5% of the body weight. Diuresis decreases or is completely absent. All the water losses occur at the expence 
of the extrarenal losses. The volume of the extracellular water increases, while that of the blood plasma slightly 
rises. Intracellular water serves as a source of the water loss and its increase in the extracellular spaces. 
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THE PHAGOCYTIC ACTIVITY OF THE LEUCOCYTES IN EXPERIMENTAL 
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In a paper devoted to the subject of the glycogen content of the leucocytes, Hoppe-Selyer wrote: "The 
process of breadkown of glycogen taking place in a working muscle is carried out in just the same way as in 
moving protoplasm". Later, K. Voskresenskii pointed out: “Glycogen is an indication of the special vital ac- 
tivity of the mobile blood cells, the leucocytes. The body reacts to pathological conditions of a certain in- 
tensity by a morphological increase in the mobile blood cells and by the appearance of glycogen in these cells. 
Leukocytosis is the reaction of the body to the introduction of infection, glycogen is the reaction of the leu- 
cocyte to the same factor" [1]. It was shown,in research by N.V. Puchkovy, that the injection of small doses of 
adrenalin into the blood stream increases the phagocytic activity of the blood, and that in response to the action 
of substances interfering with glycogenolytic processes (monoidoacetate, arsenate, phloridzin), the phagocytic 
reaction of the leucocytes is paralyzed although under these circumstances the leucocytes themselves remain 
viable and continue to absorb oxygen and to excrete carbon dioxide [4]. The action of phloridzin is particular 
demonstrative, for in a concentration of 1/500 M it completely suppresses the phagocytic activity of the leuco- 
cytes and the formation of lactic acid by these cells, although respiration is completely preserved. In our in- 
vestigations [5],we were able to show that a 5% solution of glucose, to which had been added 1.6 I.U. of insulin, 
causes an increase in phagocytosis, whereas glucose and insulin, given separately, do not produce this effect but, 
on the contrary, may even lower the phagocytic activity of the leucocytes. In other experiments,we suppressed 
glycolysis in the leucocytes with monoiodoacetic acid, which led to a decrease in phagocytosis; the subsequent 
addition of lactic acid restored this activity to its normal level. At the same time, when glycolysis is present, 
lactic acid brings about a fall in the phagocytic activity of the leucocytes in precisely the same way. 


There is, therefore, no doubt that the phagocytic activity of the leucocytes and, consequently, the cellular 
component of immunity, depends on the carbohydrate metabolism of the phagocytes themselves. Evidently this, 
in turn, depends on the carbohydrate metabolism as a whole. 


It may readily be understood from the foregoing why characteristic signs of diabetes, in which there is a 


severe disturbance of the carbohydrate metabolism, are furunculosis and an increased tendency towards infections. 


Ehrlich (6) pointed out long ago that, in spite of the high blood sugar concentration in diabetics, their leucocytes 
contain hardly any glycogen. All these facts seemed to justify the performance of experiments in which we in- 
vestigated the relationship between the phagocytic activity of the leucocytes in dogs in various stages of experi- 
mental diabetes andin radiation sickness; we chose the latter because,in this condition the islet apparatus of the 
pancreas is affected [3] and phagocytosis is severely impaired [2]. With the same object,we investigated the ef- 
fect of insulin, injected into animals, on the phagocytic activity. 


EXPERIMENTAL METHOD 


Experiments were carried out on 6 dogs, in three of which § of the pancreas had been removed operatively, 
and to the other three a single lethal or sublethal dose of x-rays had been given. 
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vein of the thigh during the morning hours. 


Same result. 


The dog Tsutsa 
900 
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Operation 


The dog Belka 
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Fig. 1. Changes in the phagocytic activity of 
the leucocytes and in the blood sugar concen- 
tration in experimental diabetes, 1) Phagocyt- 
ic activity of the leucocytes; 2) blood sugar 
concentration; t ) injection of insulin. 


The system of investigation was as follows: the first 3-4 days the phagocytic reaction of the blood (by the 
usual method) and the blood sugar concentration (by the Hagedorm-Jensen method) were determined in the animal. 
The blood sugar of the healthy animals was found to be 85-120 mg%, and the phagocytic activity 25-35%, On 

the 4-5th day, the operation was performed or the animal was irradiated. After 24 hours,the determinations of 

the blood sugar and phagocytic activity of the leucocytes were resumed. Blood was taken from the subcutaneous 


EXPERIMENTAL RESULTS 


The trend of the changes found in the dogs as a result of pancreatectomy is shown in Fig. 1. As the dia- 
betic hyperglycemia developed,the phagocytic activity of the blood was lowered, although no directly pro- 
portional relationship was found: regardless of to what level the blood sugar rose (300, 600, 900 mg%), the pha- 
gocytic index always fell very sharply. On the 6-7th day,subcutaneous injections of insulin began (2 1.U./kg body 
weight). At this period,the value of the blood sugar and phagocytic activity of the blood was estimated twice 

a day — in the morning and 2 hours after injection of insulin. Concurrently with a fall in the blood sugar con- 
centration to its original level, 2 hours after the injection of insulin,the phagocytosis was restored almost to 
normal. After 24 hours, i.e.,when the effect of the insulin ceased, with the recurrence of hyperglycemia a fall 

in the phagocytic activity of the leucocytes was once again observed. A further injection of insulin led to a re- 
petition of the same picture. The experiments were repeated many times on each animal and always with the 


The changes in the blood sugar level and 
the phagocytosis in dogs during radiation sickness 
are shown in Fig. 2. In these experiments,we 
also counted the leucocytes. 


In the dog Seryi, irradiated with a sub- 
lethal dose (400 r), hyperglycemia developed 
slowly, and on the 22nd day the blood sugar was 
650 mg%. At this time,the phagocytosis had 
falien to 10% and the leucocyte count to 8000. 
On the 23rd day, daily injection of insulin began; 
under these circumstances, as in the experimental 
diabetes, each injection of insulin led to res- 
toration of the phagocytosis almost to the normal 
value at the same time as the blood sugar level 
fell. With daily injection of insulin,the clinical 
features of radiation sickness cleared up 1} 
months after irradiation. The blood sugar con- 
centration, the leucocyte count and the phagocyt- 
ic activity of the leucocytes returned to normal 
at this time. 


One of the two dogs (Ryzhik) irradiated 
with a lethal dose of x-rays (600 1) reacted to 
irradiation by the rapid development of radiation 
sickness and it died on the 14th day. On the 6th 
day,the blood sugar concentration in this dog had 
risen from 95 to 180 mg%; the leucocyte count 
had fallen from 16,000 to 6000 and the phagocyt- 
ic activity from 29 to 10%, Injection of insulin 
to this dog caused the blood sugar level to fall, 
but had only a slight effect on the phagocytic 
activity of the leucocytes — although in the same 
direction as in the experimental diabetes. In 

the third dog — Mishka— which also received a 
lethal dose of radiation (600 r), the disease 
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The dog Seryi 


Irradiation 
600 r 


Fig. 2. Changes in the leucocyte count, in the phagocytic activity of the 
leucocytes and in the blood sugar concentration during radiation sickness. 
1) Phagocytic activity; 2) blood sugar content; 3) leucocyte count;  -) 
injection of insulin. 


developed very quickly and the animal died on the 7th day. In this case,no insulin was injected. The changes 
in the blood sugar, the leucocyte count and the phagocytic activity of the leucocytes were the same as in the 
other irradiated animals, but they developed much more quickly. 


It follows from the foregoing that a definite correlation existed between the blood sugar concentration 
and the phagocytic activity of the leucocytes. This was shown by the fact that in hyperglycemia from various 
causes (experimental diabetes, radiation sickness), the cellular phagocytosis was severely disturbed. Administra - 
tion of insulin normalized, at the same time,both the blood sugar and the phagocytic activity of the leucocytes. 
Confirmation was thus obtained of our findings in vitro, published in a previous paper, with the exception that 
the experiments described were carried out on the intact animal. It may thus be asserted that the phagocytic 
activity of the leucocytes is not determined by the glucose concentration in the blood alone but by the relation- 
ship between the glucose and insulin of the blood; in other words, the phagocytic activity depends not only on 
the supplying of glucose to the leucocytes but also on their normal ability to utilize the glucose. 


SUMMARY 


Hyperglycemia in experimental diabetes and radiation sickness in dogs is associated with diminished pha- 
gocytic activity of leucocytes Subcutaneous injection of insulin results not only in the decrease of the blood 
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sugar level, but leads at the same time to the recovery of the phagocytic activity. Such dependence of the 
phagocytic activity on the relationship between glucose and insulin in the medium was formerly revealed by 
the author in vitro. 
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VACCINAL TULAREMIC INFECTION IN GUINEA PIGS AFFECTED 
BY RADIATION SICKNESS 


A. S. Shevelev 


From the Department of Microbiology (Head ~ Prof. V.A. Yudenich) and the 
Department of Roentgenology and Radiology (Head — Docent A.A. Smirnov) 
of the Smolensk Medical Institute (Director — Docent G.M. Starikov) 


(Received May 17, 1958. Presented by Active Member AMN SSSR N.N. 
Zhukov-Verezhnikov) 


It is known that ionizing radiation causes a lowering of the resistance of the body to pathogenic microorga- 
nisms. There are also indications that during irradiation the virulence of the pathogenic and nonpathogenic or- 
ganisms present in the body may be increased [1, 2]. The problem accordingly arises of the influence of ioniz- 
ing radiation on the course of infections caused by the administration of live vaccines: may not aggravation of 
a vaccinal infection take place during radiation sickness and, in particular, may reversion of a vaccinal strain 
occur? This question is one of great urgency. 


For the experimental study of this problem, a suitable model is vaccinal tularemic infection. A vaccinal 
strain of B. tularense, injected into white mice, is known to posses residual virulence, whereas in guinea pigs and 
rabbits, as in man, it causes a benign infectious disease. We have previously shown [3] that irradiation of white 
mice with x-rays causes a sharp lowering of their resistance to the vaccinal strain of B. tularense. A similar 
lowering is observed as a result of the action of even sublethal doses of x-rays, which becomes more marked with 
increase of the dose of radiation, and this effect may be noted, moreover, whether the animals are irradiated 
before or after vaccination. 


In the present investigation,we attempted to discover if the development of radiation sickness causes 
aggravation of a vaccinal tularemic infection in guinea pigs, which are less susceptible to the vaccine strain of 
B. tularense. 


We made parallel studies of the characteristics of vaccinal tularemic infection in response to the action 
of different doses of ionizing radiation. 


EXPERIMENTAL METHOD 


Guinea pigs were given a single total irradiation from an RUM-3 x-ray apparatus. Conditions of irradiation: 
voltage 190 kv, current 10 ma; filtres 0.6 mm Cu and 1 mm Al; distance from the anode of the tube 40 cm; 
dosage rate of radiation on the body surface of the animals 33-34 y min. 


Altogether, 4 series of experiments were carried out. In the different series,the dose of radiation varied from 
170 to 380 r, and the dose of the vaccinal strain from 10,000 to 10° organisms. Irradiation was carried out either 
24 hours before the subcutaneous or intradermal (4th experiment) injection of the bacteria or 24 hours after in- 
jection. The vaccinal strain of B. tularense was isolated from dry tularemia vaccine from the N. F. Gamaleya 
Institute of Epidemiology and Microbiology of the AMN SSSR (series No. 458, control No. 732). In experiment 
No. 3, the guinea pigs were immunized with a restored vaccinal strain Gaiskii No. 15, generousiy made available 
to us by Prof. N. G. Olsuf‘ev. 
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Studies were made of the mortality of the animals, the white blood changes, the specific agglutinin titer, 
the allergic reaction to tularin, the reaction of the regional lymphatic glands and the weight changes. All animals 
which died were examined post mortem, including morbid anatomical studies of the cadaver, microscopic ex - 
amination if impressions of organs for the presence of bacteria, and cultures of the spleen on agar and on solid 
yolk medium. 


EXPERIMENTAL RESULTS 


Irradiation did not aggravate the vaccinal infection in any experiment. In subcultures from the dying 
animals on a solid yolk medium,no strains of B. tularense could be isolated; at autopsy no changes characteristic 
of tularemia were found. Hence,none of the doses of radiation given (from 170 to 380 r) gave rise to aggrava- 
tion of the vaccinal tularemic infection resulting from injection of various doses of the vaccinal strain. The re- 
sults of the three experiments are summarized in Table 1. 


The animals died as a rule from radiation sickness. With a dose of radiation of 380 r, causing death of 
50-70% of guinea pigs, and after injection of 100,000 organisms of a vaccinal strain of B. tularense, nearly all 
the animals died on the 8th day after irradiation, showing the characteristic picture: the peritoneal cavity was 
engorged with blood, multiple hemorrhages were observed in the mucous and serous membranes,and in the 
surviving animals, focal or diffuse epilation was observed. 


TABLE 2 


The Effect of Vaccinal Tularemic Infection on the Leucocyte Count of Guinea Pigs during Radi- 
ation Sickness (experiment No. 3; dose of vaccinal strain, 10° organisms) 


Mean leucocyte count 
Conditions of the after irradiation 
experiments 

7 10 14 21 31 
days | days | days 
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pigs 
irradiation 


Irradiation with 290 r 

24 hours after inocu- 

lation 1,312 2,400 2,550 | 5,250 | 8,700] 7,750 
Irradiation with 290 r 

24 hours before 

inoculation 8,175 |6,162 | 3,800 {2,875 | 3,683) 4,450} 8,175] 6,875 
Irradiation with 290 r 

(control) 7,375 |6,712 | 4,175 |1,980 3,700| 4,575 | 8,300] 9,800 
Irradiation with 170 r 8,075 |8,950 | 6,675 |5,610 | 6,987) 6,000] 9,525] 8,475 
Irradiation with 170 r 

(control) 5 8,250 /|9,325 | 5,612 |3,900 5,475| 4,715 | 7,188] 9,500 
Inoculation without 

irradiation (control) 3 7,900 |10,025) 9,438 |10,250 | 10,025/10,075 | 9,582] 7,950 


Note. In the vaccinated unirradiated guinea pigs,the results were determined on days cor- 
responding to those for the irradiated animals. 


With a radiation dose of 290 r, causing the death of 20-30% of animals, and after injection of 10° organisms 
of the vaccine strain, hemorrhagic manifestations were also observed at autopsy of the majority of the dying 
animals; in 2 guinea pigs,enlargement of the spleen was found, together with necrotic foci in the liver and 
hepatization of the lungs, which was evidently associated with aggravation of some form of latent infection as a 
result of the irradiation. 
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In the case of irradiation with a dose of 220 r and an infecting dose of 10,000 organisms, the guinea pigs 
also died as a rule showing marked hemorrhagic features (blood-stained fluid in the peritoneal cavity, massive 
hemorrhages in the subcutaneous cellular tissue, and the mucous and serous membranes). 


In the 4th series of experiments,the guinea pigs were inoculated intradermally with 10° organisms of the 
vaccinal strain 24 hours after irradiation with a dose of 290 r. As a control, animals were used which received 
the same infecting dose of bacteria but were not irradiated, and also noninfected animals irradiated with a dose 
of 290 r. 5 guinea pigs were killed on the 2nd, 4th, 6th, 8th, 11th, 15th, 22nd and 32nd days after irradiation (one 
irradiated but not infected, and two each from the remaining two groups). In this experiment,no morbid anato- 
mical signs characteristic of tularemia in guinea pigs were found in a single dying or killed animal. It was not 
possible to isolate a strain of B. tularense from the spleen of these animals. 


Inoculation with the vaccinal strain had no marked effect on the leucocyte count of the irradiated animals. 
In both the control irradiated and the inoculated irradiated animals,an obious leukopenia was observed (Table 2). 
A less marked leukopenia as a result of inoculation of the irradiated animals,was observed only on the 7th day 
after irradiation in case of inoculation 24 hours after irradiation with a dose of 290 and 170 r. 


The character of the action of the radiation on the immunological reactions after inoculation with a vaccine 
strain of B. tularense, differed according to the dose of radiation and of infecting material used. As may be seen 
from Table 1, an obvious depression of agglutinin formation was observed only when minimal doses of the vaccinal 
strain (10,000 organisms) and a large dose of radiation — of the order of 50-70/30 LD. Even under these conditions, 
however, clear depression of antibody formation was observed only in animals inoculated 24 hours after irradiation. 
In the guinea pigs inoculated with vaccinal strain 24 hours before irradiation, obvious depression of aggiutinin 
formation was not observed in any experiment. 


The process of allergic reorganization of the animal was found to be more labile. Some degree of depres- 
sion and retardation of this process as a result of irradiation was observed in all three experiments, most clearly 
after inoculation with the minimum dose of infecting material used (10,000 organisms). 


Some degree of depression of the allergic reaction to tularin was also found in the guinea pigs inoculated 
24 hours before irradiation; this process was, however, most clearly seen in case of inoculation 24 hours after 
irradiation (see Table 1). 


Irradiation caused delay in the reaction of the regional lymphatic glands to injection of the vaccinal strain, 
which we detected by the method of palpation. 


From 33 to 37 days after injection of the vaccinal strain, when the agglutin in titer fell to 1:20-1:40, irradi- 
ation with a dose of 380 r failed to elicit any anamnestic increase in antibody titer (the agglutinin titer was deter- 
mined 6 hours and 1, 2, 3, 6 and 7 days after irradiation); it either was unchanged or slightly decreased. 


The results obtained showed that,during inoculation with living bacteria of a vaccinal strain of B. tularense, 
irradiation has a more demonstrable action on the allergic reorganization of the animal than on atibody produc - 
tion. Evidently after inoculation with living bacteria, the mechanisms responsible for the allergic reorganization 
are more radiosensitive than those responsible for the production of antibodies. Although depression of the process 
of development of infective allergy is more marked in case of irradiation given 24 hours before inoculation, it is, 
nevertheless, observed also when irradiation is given 24 hours after inoculation with the vaccinal strain. At the 
same time, ionizing radiation has absolutely no effect on antibody formation when irradiation is given 24 hours 
after inoculation, and only in special conditions does it cause a slight depression of antibody formation when 
irradiation is given 24 hours before inoculation. 


SUMMARY 


Different doses of x- rays (from sublethal to 50-70 LD)administered 24 hours before the vaccination or 24 
hours after it do not cause exacerbation of the vaccinal tularemic infection in guinea pigs immunized with live 
microbes of vaccinal B. tularense strain. As shown,no reversion of the vaccinal B. tularense strain is possible 
in these conditions, In our experiments irradiation had a more pronounced effect on the allergic reconstruction 
of the body than on the formation of the antibodies, and this is probably due to a more pronounced radiosensitivity 
of the mechanisms effecting the process of allergization of the body as compared to those of antibody formation. 
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THE ACTION OF ACIDS AND ALKALIES ON THE CHEMORECEPTORS 
OF THE INTESTINE IN ASCARIASIS 


Edel'shtein 


From the Vitebsk Veterinary Institute (Director — Prof. V.F. Lemesh) 


(Received March 16, 1958. Presented by Active Member AMN SSSR V.N. Chernigovskii) 


In our previous investigations [5, 6, 7], we showed that as a result of the action of toxic products secreted 
by ascarides, the chemoreception of a number of stimulants (carbon dioxide, acetylcholine) is disturbed. In the 
present research, studies were made of the disturbance of the mechanisms of chemoreception associated with 

ascariasis. 


For this purpose ,we investigated the action of several acids and alkalies on the chemoreceptors of the 
intestine after the latter had been in contact with the helminthotoxins of ascarides. 


EXPERIMENTAL METHOD 


Experiments were carried out on 47 cats under intravenous urethane anesthesia. A loop of bowel was iso- 
lated from the general circulation of blood by V.N. Chernigovskii's method [3], and perfused with oxygenated 
Ringer-Locke solution at a temperature of 38°. 


The arterial pressure in the carotid artery was recorded by means of a mercury manometer, and the res- 
piration by a Marey's capsule, through a tracheal cannula. 


The stimulants used were solutions of acids (acetic 0.5-1.0%, hydrochloric N/ 100, lactic 1.5-2.0% 
NaH PO, N/ 2) and alkalies (sodium bicarbonate 1.5-2.0%, NagHPO, N/ 2). The substances to be tested were in- 
jected into the intestinal perfusing fluid by means of a syringe, in doses of 1-2 ml, before and after treatment of 
the bowel with material containing the toxic products of ascarides. Such material consisted of an aqueous ex- 
tract of the parasites Ascaris suum, prepared by E. N. Pavlovskii's method. 


EXPERIMENTAL RESULTS 


All the chemical compounds which we tested before the action of the toxic products of ascarides elicited 
a reflex increase in the arterial pressure and stimulation of respiration through the chemoreceptors of the in- 
testine, 


After injection of an aqueous extract of ascarides (1-2 ml of a dilution of 1 x 107! to 1 x 10 *) into the 
intestinal vessels, the reflex reactions were changed. 


In the overwhelming majority of experiments,after the action of the toxic products of ascarides, the same 
stimuli (in the same volume and concentration) caused biphasic pressor-depressor or purely depressor reactions 
of the arterial pressure. The pressor phase of the arterial pressure was often below the initial value. The duration 
of the reaction lengthened considerably. In individual cases,the reaction was absent after injection of the ex- 
tract. Respiration usually reacted by inhibition. 


Particularly noteworthy was the fact that after the action of the helminthotoxins of ascarides, the reflexes 
from the chemoreceptors of the intestine, elicited by both acids and alkalies, were affected qualitatively in the 
same way (Figs. 1 and 2). 
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Fig. 1. Reflex change in the arterial pressure and respiration in response to stimula - 
tion of the chemoreceptors of the intestine by a 1% solution of acetic acid: a) before 
the action, and b) after the action of extract of ascarides. Significance of the curves 
(from above down): arterial pressure (mercury manometer), initial level of the 
arterial pressure, respiration, stimulus marker, manometer zero line, time marker (5 
seconds). 


Fig. 2. Reflex change in the arterial pressure and respiration in response to stimu- 
lation of the chemoreceptors of the intestine with a 1.5% solution of NaHCOg: 

a) before the action of ascarid extract; b) after the action of 1 ml of 1 x 107! 
ascarid extract; c) after the action of 4 ml of 1 x 10~ ascarid extract. Significance 
of the curves as in Fig. 1. 


V. N. Chernigovskii and V.A. Lebedeva [2] observed the appearance of vascular pressor-depressor and de- 
pressor reflexes and inhibition of respiration after treatment of the isolated bowel with monoiodoacetate in as- 
sociation with the action of acids only, whereas the reflexes elicited by stimulation of the chemoreceptors by 
alkalies did not undergo any qualitative changes under these circumstances, or were increased in intensity. 
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They studied the action of many acid and alkaline compounds, including also compounds such as NaHyPO, and 
NagHPO,. Monosodium phosphate in aqueous solution (N/ 2) is known to have an acid reaction, but the disodium 
salt,in the same concentration,is alkaline. 


Experiments in which NaHgPO, and Na,gHPO, were injected confirmed this relationship and the view put 
forward regarding the existence of a dual mechanism of chemoreception of different stimulants. 


When our experimental results were compared with the data in the literature,it was noticed that, in 
contrast to monoiodoacetic acid, the toxic products of ascarides led to profound changes in the mechanisms of 
chemoreception during the action of both acids and alkalies. 


The experiments with NaH,PO, and NagHPO, were characteristic in this direction. After the action of the 
toxic ascarid products, mono- and disodium phosphate, although differing in their reaction, produced the same 
reflex changes through the chemoreceptors of the intestine as those which we observed after the action of other 
acids and alkalies. 


Evidently, both mechanisms of chemoreception [4] may thus be disturbed by the action of the ascarid 
helminthotoxins. 


These disturbances of the mechanisms of chemoreception were evidently connected with biochemical 
changes in the receptor field. This was to some extent revealed by the change which we observed in the pH of 
the perfusate flowing from the veins of the perfused loop of bowel after the action of the toxic ascarid products. 


The changes in the character of the arterial pressure and respiration reactions in response to the substances 
under test during poisoning by toxic ascarid products indicated changes in the excitation of the chemoreceptors 
under these conditions. 


According to the modern view [1], pressor-depressor and depressor reactions in response to carbon dioxide 
and some other compounds produced during disturbance of metabolism by monoiodoacetic acid must be re- 
garded as the result of increased excitation of nerve endings which, in these conditions, rapidly pass into a state 
of inhibition. 


On this basis,it may be postulated that the pressor-depressor and depressor reflexes which we observed 
were evidence of the increased excitation of the chemoreceptors of the intestine in response to the action of 
toxic ascarid prodicts. 


The disturbance of chemoreception shown to occur as a result of the action of toxic products of ascarides 
may possibly be of importance in the pathogenesis of the toxic manifestations of ascariasis. 
SUMMARY 


Acute experiments were performed on cats. After the chemoceptors of the intestinal loop (isolated from 
the general circulation) were acted upon by water-ascaris extract,acid and alkaline compoundscaused changes in 
circulatory and respiratory reflexes. Instead of the usual rise of arterial pressure and respiratory excitation, 
pressor-depressor or only depressor reflexes and, often, respiratory inhibition were noted. Thus, the mechanism 
of chemoception of acid and alkaline compounds is disturbed under the effect of toxic ascaris products. 
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BIOCHEMISTRY AND BIOPHYSICS . 


THE MECHANISM OF RETENTION OF AN INDIFFERENT GAS IN A 
STATE OF SUPERSATURATION 


COMMUNICATION II. THE EFFECT OF CERTAIN HORMONES ON THE DEGREE OF 
PERMISSIBLE SUPERSATURATION AND ON THE ASSOCIATED BIOPHYSICAL AND 
BIOCHEMICAL INDICES 


G. M. Zarakovskii 
From the S.M. Kirov Order of Lenin Military Medical Academy, Leningrad 


(Received August 29, 1957. Presented by Active Member AMN SSSR V. N. 
Chernigovskii) 


It was shown in a previous communication [3] that the degree of permissible supersaturation (DPS) of the 
body with nitrogen has a statistically significant connection with the composition of the serum proteins, and is 
less closely connected with the hydrophilia of the skin. 


There are reports in the literature of possible changes in susceptibility to decompression sickness. The 


causes of these changes are not yet fully understood. It may be postulated from certain findings [9, 10] that the 
general intensity of the metabolism plays a part of definite importance here. The state of the central nervous 
system is probably important also [1, 5, 10). 


The object of our research was to produce changes in the DPS by using some form of agent affecting 
metabolism and at the same time influencing the activity of the nervous system. From our previous findings, 
it was necessary to select an agent which, so far as we knew, would alter both the composition of the blood pro- 
teins and the water balance of the body. 


We decided to use the hormone of the thyroid gland and of the adrenal cortex. The function of these glands 
of internal secretion is connected on the one hand with the regulation of protein and water-salt metabolism [1, 
4, 7,12], and,on the other hand,it affects the central nervous system [2, 6, 8]. 


EXPERIMENTAL METHOD 


The individual (basal) DPS of dogs was determined over a period of several days, after which one or another 
hormone preparation was given. When clear signs of action of the preparation were apparent, the DPS was again 
estimated. Parallel investigations were made of the indices of the general condition of the animals and of the 
biophysical and biochemical properties of the blood, and the hydrophilia of the skin was tested. In the blood, the 
relative volume of the cells, the total plasma protein concentration and serum protein concentration, and the 
albumin and globulin concentrations were determined. The zinc sulfate precipitation test was used for qualitative 
differentiation of the proteins. 


The method of determination of the DPS and of the other indices was described in the first communication. 


For studying the effect of the thyroid gland on the DPS,a standard thyroidin preparation and methylthiouracil 
were used. Thyroidin was given by mouth,in a dose of 0.6 mg/kg body weight/ day. Methylthiouracil was also 
given by mouth, in a dose of 40 mg/kg body weight. The total daily dose of each preparation was divided into 
two halves which were given separately. 
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Of the preparations of adrenal cortical hormone she only one used in the experiments was desoxycorti - 
costerone acetate. So that the desoxycorticosterone should have an appreciable effect on the protein as well as 
the water-salt metabolism, a large dose was given — 1 mg/kg body weight/ day. The preparation was given 

intramuscularly inthe form of a 0.5% oily solution. The dogs were given water as desired. 


EXPERIMENTAL RESULTS 


The first series of experiments was carried out with thyroidin. Both experimental dogs developed the 
typical picture of hyperfunction of the thyroid gland on the 9-10th day. The body weight fell by 1.5-2.0 kg and 
the temperature to 39.5-39.6°, and the pulse rate rose by 50-65%. Dryness of the skin, dyspnea and polydipsia 

appeared. The ESR was raised to 10-35 mm in 1 hour. 


Determination of the DPS at this period showed that 
in both dogs it was raised by 0.16 atmos (Fig. 1, a). At 
the same time, several changes were observed in the blood 
proteins. The total concentration of the plasma and serum 
proteins was slightly decreased. The albumin concentra- 
tion was raised and that of the globulins lowered. There 
was a corresponding rise in the albumin-globulin ratio 
(Fig. 2, a). The relative corpuscular volume remained 
practically unchanged. Thyroidin had a definite action 
on the hydrophilia of the skin: the time taken for a vesicle 
of physiological saline to absorb was considerably shorten- 
ed (Fig. 3, a). 


Atoms a 


In the second series of experiments, methylthiouracil 
was given to two dogs. Suppression of thyroid gland func- 
tion became evident at the end of the third week of ad- 


4 

Z ministration of the drug. This effect was clearly shown by 
10 a fall in the pulse rate of 15-20%. Only one dog — V' yunok- 
8 showed an increase in body weight. The DPS of the dogs 

6 fell by 0.16 atmos (Fig. 1, b). The blood showed a ten- 

4: dency for the total concentration of the plasma and serum 

/ [Z proteins to rise, and changes occurred in the composition 


of the protein fractions. A biphasic change took place in 
the albumin and globulin concentrations: the albumin- 
globulin ratio at first rose and then began to fall, and,in 
the case of V'yunok,it fell below the initial level (Fig. 2, 
b). The corpuscular volume remained unchanged. 
V'yunok showed no alteration in hydrophilia of the skin, 
and,in Polkan,a biphasic variation was observed (Fig. 3, b). 


Pestryi Polkan Mars 


Fig. 1. The effect of thyroidin (a) 
methylthiouracil (b) and desoxycorticos- 
terone (c) on the DPS. The cross-shaded 
columns indicate the initial value of the 
DPS characteristic of each dog. 


In the third series of experiments,the effect of deso- 
xycorticosterone acetate (DOCA) on the DPS was studied. 


We know from the literature [11] that with daily injections of the doses which we used, maximum changes 
appear in dogs on the 10-1lth day. We therefore began to determine the various indices on the 8-9th day. At 
this time, a small reduction in the pulse rate was observed in all 4 experimental dogs (by 10-15%). 


In one dog (Mars), the DPS remained unchanged, whereas in the remaining dogs it was increased, and in the 
dog Bobik the variation was biphasic in character (Fig. 1, c). 


Desoxycorticosterone produced no perceptible change in the total protein concentration. The albumin- 
globulin ratio increased in all cases (Fig. 2, c). In the zinc sulfate test,a reduction in the turbidity by 15-25% 
was observed, which indicated a fall in the y -globulin concentration. No obvious changes appeared in the re- 
lative volume of plasma and corpuscles. The hydrophilia of the skin was changed differently in the different 
dogs (Fig. 3, c). 
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atoms Atlas Pestryi Polkan 


Polkangg Mars Bobik 


Fig. 2. The effect of thyroidin(a), methylthiouracil 
(b) and desoxycorticosterone acetate (c) on the 
albumin-globulin ratio. The shaded columns give the 
initial values of the albumin-globulin ratio. 
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V' yunok Palkan Mars Bobik 


Fig. 3. The effect of thyroidin (a), methylthiouracil (b) and deso- 
xycorticosterone acetate (c) on the rate of absorption of physiolog- 
ical saline injected intradermally. Legend as in Fig. 2. 
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The results described were evidence of the existence of hormonal influences on the DPS. Under these cir- 
cumstances,an increase in thyroid gland function caused a rise in the DPS, and a decrease in this function, to a 
fall in the DPS. Administration of an excessive dose of adrenal cortical hormone in the form of desoxycorticos- 
terone, as a rule,increased the animal's power to retain nitrogen in a state of supersaturation. 


The present experiments afford some confirmation of our previous observations that the DPS is connected 
with the qualitative features of the serum proteins of the blood. So far as the connection between the DPS and 
water metabolism is concerned, the results obtained are not sufficiently definite in this respect. 
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SUMMARY 


It was established in experiments on dogs that the hormones of the thyroid gland and of adrenal cortex may 
influence the value of the admissable nitrogen oversaturation of the body. 


LITERATURE CITED 
[1] T.K. Valueva, Fiziol. Zhur. SSSR, 1, No. 4, 90-96 (1955 ). 


(2] S.G. Genes, The Nervous System and Internal Secretion, Moscow, 1955 [In Russian]. 


[3] G.M. Zarakovskii, Byull. Eksptl. Biol. i Med., 47, No. 1, 31-35 (1959 ). 


[4] V.P. Komissarenko, The Hormones of the Adrenal Cortex and Their Role in the Physiological and 
Pathological Processes of the Body. Kiev, 1956 [In Russian]. 


{5} A.P. Myasnikov, The Motor and Evacuatory Functions of the Stomach at a Raised Barometric Pressure. 
Dissertation, Leningrad, 1954 [In Russian]. 


[6] D.S. Tendler, Proceedings of a Conference on the Role of Neurohumoral and Endocrine Factors in the 
Activity of the Nervous System in Normal and Pathological Conditions, pp. 82-84, Leningrad, 1956 [In Russian]. 


[7] A.V. White, Proteins and Amino Acids in Nutrition of Man and Animals, pp. 212-241. Moscow, 1952 
[Russian translation]. 


[8] 1.A. Eskin, Uspekhi Sovremennoi Biol, 42, 3, 343-355 (1956). 
[9] A.E. Boycott, G.C.C. Damant, J.S. Haldane, J. Hyg., 1908, v.8, p. 342. 
{10} A.E, Boycott, G.C.C. Damant, J. Hyg., 1908, v.8, p.445. 
[11] M. Gaudino, M.F. Levitt, J. Clin. Invest., 1949, v.28, p. 1487. 
(12) L. Levin, J.H. Leathem., Am. J. Physiol, 1942, v.136, p.306-313. 
(13] H. Quinke, Arch. exper. Path. u. Pharmakol, 1910, Bd. 62, S.464-493. 


ia y 

“| 

597 


PHARMACOLOGY 


THE EFFECT OF CRUDE DEXTRAN AND OF THE PYROGENIC 
POLYSACCHARIDE OF B. PROTEUS VULGARIS ON THE SURVIVAL 
OF WHITE MICE AFTER TOTAL IRRADIATION 


M.V. Svyatukhin, V.M. Shilov and A. A. Bodarev (Moscow) 
(Received July 24, 1958. Presented by Active Member AMN SSSR I.V. Davydovskii) 


When studying the effect of crude dextran on the development of edema in burned tissues and on the hemo- 
concentration in thermal burns, we became interested in the other properties of this preparation. 


In connection with the study of the properdin system, several reports have appeared in the literature during 
recent years showing an increase in the resistance of animals to infection (especially to infection by Gram-neg- 
ative bacteria) after the parenteral injection of various soluble high-polymer polysaccharides (crude dextran and 
levan, mucin, the lipopolysaccharides of Gram-negative bacteria and so on) and insoluble polysaccharides (zymo- 
san, obtained from yeasts and from the walls of bacterial cells (2, 3, 6,8,10]). Indications have also appeared that 
preparations of this type may increase the chances of survival of animals exposed to the action of ionizing radia- 
tion. Pillemer [7] reported the increased survival of irradiated mice after they had been given a preliminary in- 
jection of zymosan. Ross [9] observed the favorable effect of zymosan, levan and crude dextran. Mefford, 
Henkel and Loefer [6], ina minor experiment, observed that a positive effect on the survival rate of irradiated 
mice was produced by giving the pyrogenic polysaccharide preparation pyromen with the drinking water. Smith, 
Alderman and Gillespie [11] observed an increase in the rate of survival of irradiated mice and hamsters after a 
preliminary injection of bacterial lipoplysaccharides. It is interesting that in the case of hamsters,these pre- 
parations were effective when given immediately after irradiation. 


So far as can be judged by the absence of appropriate publications in the literature, this new possible method 
of influencing the chances of survival of irradiated animals has not yet attracted the attention of Soviet scientists. 
It may be suggested, however, that a similar mechanism played a part in the increased rate of survival of mice, 
vaccinated before irradiation, observed by N.N. Klemparskaya and her co-workers [1]. 


EXPERIMENTAL METHOD AND RESULTS 


We tested the effect on the rate of survival of irradiated white mice of native dextran, obtained from the 
Central Order of Lenin Institute of Hematology and Blood Transfusion, precipitated twice with ethyl alcohol, and 
of the pyrogenic polysaccharide of B. proteus vulgaris obtained in our own laboratory. Each preparation was in- 
jected into the caudal vein of the mice, in the form of a solution made up in pyrogen-free physiological saline 
in a volume of 0.2 ml. Healthy mice,weighing on the average 22.1-24.7 g, kept for a long time under observa- 
tion in the vivarium, during the course of which they gained weight, were selected for the experiment. The 
animals were irradiated from a cobalt source, at a distance of 65 cm, at a dosage rate of 1150 r/hour. The dose 
of radiation was 800 r. Observations on the animals continued for 30 days after irradiation. 


The first experiment was to secure pilot information on the effect of crude dextran, injected intravenously 
at different periods, on the rate of survival of irradiated mice. For this purpose,dextran was injected into the 
mice in a dose equivalent,on the average,to 0.1 g/kg body weight. Injections were given to the mice of the dif- 
ferent groups 3 hours after irradiation and 3, 12 and 24 hours and 2, 3,5 and 7 days before irradiation. One group 
of irradiated mice did not receive dextran (irradiation control); one further group was not irradiated and received 
no injections of dextran (biological control). Table 1 gives an idea of the results of this experiment. 
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TABLE 1 


Survival of Irradiated Mice after Intravenous Injection of Crude Dextran at Different Times (all 
animals in the experiment, males) 


After 30 days 


No. of 

mice number number 

in group | of dead ot 
animals survivors | survivors 


Group | Time of injection of dextran in relation 
No. to time of irradiation 


1 | Within 3 hours 50 30 
2 | After 3 hours 50 36 14 28 
3 | After 12 hours 50 20 30 60 
4 | After 24 hours 50 34 16 32 
5 | After 2 days 50 33 17 34 
6 | After 3 days 50 49 1 2 
7 | After 5 days 50 50 0 0 
8 | After 7 days 50 50 0 0 
9 | Irradiation control 50 49 1 2 
10 | Biological control 50 0 50 100 


TABLE 2 


Survival of Irradiated Mice after Injection of Crude Dextran in Different Doses{all animals in 
experiment, males) 


After 30 days 


number 
of 
survivors 


% of 


Dose of dextran,in g/kg 


in group; animals survivors 


Injection 12 hours before irradiation 


34 


0.1 


0.05 50 32 
0.02 41 32 
; Physiological saline 50 48 


Injection 3 hours after irradiation 


0.1 40 


0.05 50 43 
0.02 50 38 
Physiological saline 50 50 
Irradiation control 50 50 


Biological control 


Injection of dextran 3, 5 and 7 days before irradiation was found to be completely ineffective. In the re- 
maining groups,from 28 to 60% of the irradiated animals survived, as against an almost 100% mortality in the 
control group. The highest survival rate (60%) was observed when dextran was injected 12 hours before irradiation. 
It is a particularly interesting fact, however, that injection of dextran 3 hours after mreneiin, prevented the 

death of 30% of irradiated mice. 


In the second experiment,we studied,in greater detail and with a more complete control, the survival rate 
of irradiated mice after the intravenous injection of different doses of crude dextran at the times which gave 
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TABLE 3 


Survival of Irradiated Mice after Injection of Pyrogenic Polysaccharide of B. proteus vulgaris 
12 Hours before Irradiation (all animals in the experiment, females) 


After 30 days After 50 days 


Groupe Dose of polysaccharide,in 
No. y/ kg 


No. of mice in group 
No. of dead 
survivors 

% of survivors 

No. of dead 
survivors 

% of survivors 


Physiological saline 
Irradiation control 
Biological control 


the most interesting results in the first experiment, d.e, 12 hours before and 3 hours after irradiation. In this ex- 
periment, besides the general control of irradiation and the general biological control for each of these times, we 
separated a control group of mice which was injected with 0.2 ml of sterile, pyrogen-free physiological saline 
before or after irradiation respectively. 


The results of this experiment are shown in Table 2. On this occasion,we were unable to obtain such a 
high rate of survival among the mice injected with crude dextran — this did not exceed 36% in the most succesful 
case (2nd group). However,the previous relationship was clearly revealed: a higher rate of survival when dextran 
was given 12 hours before irradiation, a lower rate when it was given 3 hours after irradiation, and almost 100% 
mortality among the animals of the control groups. No essential differences were found in the survival rate de- 


pending on the dose of crude dextran given (0.1; 0.05 or 0.02 g/kg). 


In addition to the higher rate of survival of the mice injected with dextran, the radiation sickness in these 
animals had a milder course. The animals were more mobile, their neat appearance was restored sooner, and 
they gained weight more rapidly. For instance, 25 days after irradiation,the mean weight of the animals in the 
group receiving dextran was 95-105% of the initial weight, but that of the control groups was 67-78% of the 
initial weight. In the mice which were injected with dextran before irradiation, the loss of weight at the climax 
of the radiation sickness was observed to be less, also; 12 days after irradiation, it reached 84-87%, as compared 
with 79-81% in the control animals. 


Besides crude dextran,we tested the pyrogenic polysaccharide from B. proteus vulgaris. This was injected 
intravenously into mice 12 hours before irradiation, in doses of Ey and 10y/ kg body weight, made up to 0.2 ml in 
volume with pyrogen-free physiological saline. The mice were irradiated under the same conditions as in the 
previous experiment. The results of this experiment are shown in Table 3. On this occasion, the rate of survival 
of the mice of the control groups to the end of the month was higher than in the two previous experiments, which 
might have been due to, among other things, difficulty in reproducing the conditions and the greater resistance of 
females to the action of radiation. However, in both groups of animals which received injections of pyrogenic 
polysaccharide, the survival rate was higher than in the control groups (30-60% respectively, compared with 12- 
16% in the control animals). 


In contrast to crude dextran, however, injection of pyrogenic polysaccharide did not perceptibly improve 
the general condition of the irradiated mice. Even at the end of a month, many of them appeared ill; the weight 
of the animals had not been restored at this period. The control mice at this time appeared healthy — neat and 
tidy in appearance and more mobile. It was decided to prolong the period of observation to 50 days. 


During this period, more animals of the various groups died, but the essential difference in the rate of sur- 
vival of the control mice and those receiving polysaccharide in a dose of 10y/ kg body weight remained (see 
Table 3). The last mouse of this group to die did so on the 35th day after irradiation. At the end of the 50 days 
all the mice appeared healthy; they were neat and tidy and mobile. The animals continued to gain weight. 
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The first two experiments showed that crude dextran possesses a well-marked ability to lower the mortality 
of irradiated mice. It should be emphasized that some slight (between limits of 14-28%), but regularly repeated, 
reduction in mortality was also observed when crude dextran was injected 3 hours after irradiation. Pyrogenic 
polysaccharide of B. proteus vulgaris also considerably increased the rate of survival of irradiated mice. 


For the time being, we will leave aside the question of the mechanism of action of the preparations tested. 
We shall merely point out that besides their ascribed property of stimulating the properdin system, they evidently 
also activate other mechanisms of nonspecific resistance. 


SUMMARY 


Native dextran injected intravenously in doses of 0.1, 0.05 and 0.02 gm per kg of body weight, 12 hours 
before the irradiation, reduces the mortality rate of mice from radiation sickness, 32 to 60% of mice treated with 
dextran survived for a month, with an almost 100% death rate in the control group. Considerable increase in the 
percentage of surviving animals was also noted with the pyrogenic saccharide (obtained from B.proteus vulgaris), 
administered in the dose of 10 y kg, 12 hours previous to the irradiation. 14 to 30% of mice which received 
native dextran after the irradiation survived. The death rate in the control group equalled almost 100%, 
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THE LOCAL ACTION OF SODIUM BROMIDE ON THE TISSUES OF THELIMBS 


E. V. Gurova 


From the Research Institute of Experimental Surgical Apparatus and Instruments 
(Director M.G. Anan'ev) of the Ministry of Healthy of the USSR, Moscow 


(Received July 31, 1957. Presented by Active Member AMN SSSR S.V. Anichkov) 


In numerous investigations by I, P. Pavlov's co-workers [3-8, 10], it was shown that sodium bromide, when 
administered to an animal, has the power of intensifying and concentrating the process of inhibition, and by 
contrastof enhancing the process of excitation of the cerebral cortex. It was also shown that for a correct balance 
between the excitatory and inhibitory processes the size of the dose of bromide was important; other factors of 
importance were the type of nervous system, the age and condition of the animal and so on. 


In view of these properties, sodium bromide has held a prominent position among drugs used to aid the re- 
covery of disorders of the higher nervous activity of man and animals. 


Reports have recently appeared in the literature [1] of a local action of bromide on the activity of the 
gastric glands, but we have not seen any reference to the locai action of bromide on skeletal muscle tissue. In 
1952,we established experimentally that changes in the consitutional chronaxie of the denervated muscles of 


autotransplanted dogs’ limbs took place in response to the action of a 5% solution of sodium bromide administered 
to the animals in a dose of 10mg/kg body weight. In these cases,the action of sodium bromide on the tissues of 
the grafted limb was effected 15-20 minutes after its administration to the animal. Under these circumstances, 
the chronaxie of the muscles of the grafted limb was changed more than that of normal limbs. From this we as- 
sumed that denervated tissues have increased sensitivity towards bromide, especially since with restoration of 

the innervational connections of the limbs with the rest of the body, the reaction of their tissues to bromide 
decreased. 


The facts obtained require explanation. We carried out experiments which in principle, would either ex- 
clude or confirm the local action of sodium bromide on the limb tissues. 


EXPERIMENTAL METHOD 


We used the method of vascular isolation of the limb described by V. N. Chernigovskii and A. Ya. Yaro- 
shevskii [9] for studying the chemoreception of the bone marrow. Keeping to the method described, we left one 
of the hind- or forelimbs of the dog connected to the body of the animal by its main nerve trunks. All the soft oe 
tissues of the limb were divided and the bone was sawn through. The operation was carried out under morphine- 
sodium amytal anesthesia. 


After such an operation,the limb vessels were perfused for 15-30 minutes with about 0.5 1 of Tyrode solu- 
tion, and then, for the same time,with the same volume of 1% sodium bromide solution. The action of sodium 
bromide on the tissues was abolished by repeated and sometimes prolonged perfusion with Tyrode solution, neces- 
sary to restore the initial indices of the tissues. The complete experiment lasted 1} to 2 hours. 


The tests employed to study the local action of bromide were the skin temperature and the muscle chronaxie 
of the extensors of the foot of the perfused limb. These measurements were made at the same time on the op- 
posite limb. 
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The reflex action of bromide could be judged both by examination of the opposite limb and by the pneu- 
mographic and electrocariographic findings. 


The experiments were performed on 11 dogs. 


EXPERIMENTAL RESULTS 


In 3 control experiments carried out on the dogs Buket, Fingal and Mal' va, Tyrode solution was perfused 
through the limb vessels for a period of 14 hours, and every 5-10 minutes the values of the skin temperature and 
the subordinational chronaxie of the muscles of the perfused and opposite limbs were recorded. As may be seen 
from Fig. 1, the values of the subordinational chronaxie of the muscles of the perfused limb hardly varied in 2 
control experiments and in the third did not exceed 0.6 yf at the end of an experiment lasting 14 hours. 


The temperature of the skin of the soles of both limbs fell 
equally by 2-5° or remained unchanged. No edema of the tissues 
was observed. 


Different results were obtained in the next 6 experiments, 
in which a marked change was observed in the rheobase and the 
chronaxie of the muscles of the perfused limb, together with 

edema of the tissues of the limb under the influence of bromide. 


In every case,perfusion with sodium bromide solution caus- 
ed a significant increase of the threshold of excitation of the 
muscles (to 80-100 v), which was reversed by subsequent per- 
fusion with Tyrode solution; but the changes in muscle excita - 
tion caused by the repeated action of bromide acquired an irre - 
versible character, 


The value of the muscle chronaxie rose during perfusion 
with sodium bromide solution to 8-400 and over (from 0.02-0.2 
to 2-10 pf). Subsequent perfusion of the muscle with Tyrode 
solution restored the original values of the chronaxie, but when 
the action of bromide was repeated, irreversible changes ensued. 
This is clearly illustrated in Fig. 2 for one (the dog Barbos) and 
two (the dog Bul'ka) applications of bromide. 


Fig. 1. Chronaxie of the extensor 
muscles of the foot of the perfused 
and opposite limbs, in control ex- 
periments. a) Experiment on Sep- 


tember 21, 1954, dog Buket; b) ex- The results of the whole series of experiments were evi- 
periment on October 8, 1954, dog dence of a local action of sodium bromide on the tissues of the 
Fingal; c) experiment on October perfused limb, as demonstrated by a sharp rise in the values of 
9, 1954, dog Mal'va. 1) values of the rheobase and chronaxie of its muscles. 


the chronaxie of the opposite limb; 
2) chronaxie of the perfused limb. 


We were unable to observe any regular changes in the skin 
temperature of the perfused limb. No reflex action of bromide 
was revealed by the indices of the opposite limb, by the rhythm 
of respiration and the pulse, or by the character of the electro- 
cardiogram. Only a local action of bromide was found on the state of excitation of the skeletal musculature. 
Proof that these changes in excitation of the muscles were due to the action of bromide ions required exclusion 
of any action on the part of the hypertonic Tyrode solution in which the 1% sodium bromide solution was made 
up. For this purpose,we carried out < further 3 control experiments on dogs. Sodium bromide was dissolved in 
Tyrode solution from which an equimolecular quantity of sodium chloride had been deducted (8 g sodium 
chloride in 1 1 pure Tyrode solution and 2.32 g sodium chloride in 1 1 Tyrode solution with the addition of 10 g 
sodium bromide). These control experiments confirmed the previous results. 


First experiment. Duration of the experiment 1 hour 25 minutes. The vessels of the left forelimb were 
perfused. The chronaxie of the muscles of the opposite limb varied,during the experiment,within normal limits 
(0.02-0.05 yf); the chronaxie of the muscles of the perfused limb before the action of bromide was 0.06-0.07 yf, 
and, after perfusion for 15 minutes with 1 % sodium bromide solution, it rose to 0.1 yf. Washing out the vessels 
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with Tyrode solution reduced the muscle chronaxie to normal (0.04-0.05 yf). A second perfusion with sodium 
bromide increased the muscle chronaxie still more (0.3 pf), and subsequent washing with Tyrode solution could 
not restore the previous excitation of the muscle. 


aot 


B 


Time of measurement 


Fig. 2. Changes in the chronaxie of the perfused limb by the x 
action of bromide. a) Experiment on September 18, 1954, dog 4 
Barbos, perfusion of the right forelimb; b) experiment on Sep- 
tember 3, 1954, dog Bul'ka, perfusion of the left forelimb. _ 


Second experiment. Duration of the experiment 1 hour 35 minutes. The left hindlimb of the dog was 
perfused. Before the action of sodium bromide, the chronaxie of the muscles of the perfused limb varied between 
normal limits (0.06-0.07 wf). By the subsequent action of a 1% solution of sodium bromide for 15 minutes, the E 
muscle chronaxie was increased to 0.2 wf. Rinsing the vessels with Tyrode solution lowered the muscle chronaxie .- 
to 0.07-0.09 yf. A second perfusion with sodium bromide caused a sharp increase in the muscle chronaxie (4-6 o 
uf, or 16-240). Even in this case, however, subsequent rinsing of the vessels with Tyrode solution for 15 minutes = 
lowered the muscle chronaxie to 0.1. yf, or 0.40. = : 


Third experiment. Duration of the experiment 2 hours. Perfusion of the left forelimb was performed. The _ 
chronaxie of the muscles of the opposite limb remained normal all the time, and that of the perfused limb, before a 
the action of bromide,was 0.04-0.08 yf; the subsequent action of a 1% solution of sodium bromide for 15 minutes Ls de 
caused a sharp rise in the muscle chronaxie to 1.0 yf or 4.00. Rinsing the vessels with Tyrode solution lowered y 


the chronaxie to normal (0.09 yf). On repeating the action of sodium bromide,the muscle chronaxie of the 
perfused limb again rose sharply (3.0 yf, or 12.0 o), but in this case too,it was possible to restore the normal 
chronaxie of the muscle (0.06 yf) by further rinsing of the vessels with Tyrode solution. 


Our previous findings [2] on the action of sodium bromide on the tissues of the autotransplanted limb were 
thereby explained,since the local action of bromide on the tissues of a perfused limb was discovered. Sodium 
bromide, injected into the blood stream, changed the functional state of the denervated muscles of the grafted 
limb, thanks to its local action on the tissues. 


SUMMARY 


11 experiments of alternating perfusion with Tyrode's solution and 1% sodium bromide have been conduct- 
ed through the blood vessels of an extremity which retained the nervous connection with the dog's body. The 
tissues excitability of the extremity has been judged by comparing the rheobases and chronaxia indices of the 
muscles of the perfused.and the contralateral extremities. As demonstrated, under the local effect of sodium 
bromide in the perfused extremity,the indices of muscle excitability are lower. 
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Several investigations, among them work carried out at the Laboratory of Infectious Pathology in 1957-1958, 
have shown the importance of the physical state of the antigen and of its dosage to the rate of development of 
immunity against tetanus and gas gangrene when only one injection is given. It has been established, in partic - 
ular [1], that tetanus and gas gangrene toxoids produce signs of immunity earlier in an adsorbed form than as fluid 
preparations, whether given by subcutaneous or intramuscular injection. A single injection of adsorbed toxoids 
produces a greater immunizing effect than does the repeated injection of fractional doses of fluid preparations, 
in accordance with the so-called rapid method of immunization. 


On the basis of these findings, and also paying attention to the fact that tetanus toxoid in liquid form, when 
injected fractionally at definite intervals in the same place,causes signs of immunity to appear earlier than when 
the total dose is given in the form of a single injection [6, 2,1], we studied,in the present investigation, the possi - 
bility of securing the development of immunity even earlier by means of the fractional injection of adsorbed 
toxoids. 


EXPERIMENTAL METHOD 


Experiments were carried out on white rats weighing 120-140 g. For immunization we used concentrated 
and purified tetanus toxoids of different series, and Clostridium welchii toxoid of series No. 640, obtained from 
the anaerobic division of the N. F. Gamaleya Institute of Epidemiology and Microbiology of the AMN SSSR. The 
toxoids were adsorbed on aluminum hydroxide (5 mg Al,Os/ ml)? The dose of toxoid was constant in all the ex- 
periments: tetanus — 200 units of combination (CU), gas gangrene — 20 CU. The antigens were injected intra- 
muscularly or subcutaneously into the thigh, in a volume of 1 ml as a single dose,or as 9 fractional doses in the 
same place at intervals of 3 hours (first injection — 0.2 ml, remainder —- 0.1 ml each). The intensity of the 
animals’ immunity was determined on the 7th day after immunization by means of the intramuscular injection 
of the corresponding toxin(3.5 MLD of tetanus or 2.0 MLD of gas gangrene), symmetrically opposite to the 
place of injection of the toxoid into the limb. Normal, unimmunized animals were used as controls. In some 
experiments,the blood antitoxin level of the experimental animals was estimated. As earlier experiments had 
shown, the resistance on the 7th day after the primary injection of toxoid was still too low to ensure survival of 
all the experimental animals, but commencing on the 8th day,even comparatively small doses of toxoids ensured 


*The exception was tetanus toxoid of series No. 47-1, which was obtained in the adsorbed form,ready for use. 
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practically complete protection against the doses of toxin mentioned. For this reason,it was desirable to inves- 
tigate the differences in the effectiveness of these methods of immunization on the 7th day after injection of the 
antigens. The mortality rate of the animals and the duration of life of the rats which died (the latter in the 

tetanus experiments) were taken into consideration. 


EXPERIMENTAL RESULTS 


The first part of the work was carried out with Cl, welchii toxoid. The toxoid was injected subcutaneously. 
The results of the two separate experiments are shown in Table 1, from which it can be seen that there were no 
essential differences in the effectiveness of the above-mentioned modes of administration of the toxoid. 


In the second part of the experiments,we used tetanus toxoids of different series with a different antigen 
content (in units of combination), in the original preparations. In the first experiments series No. 157 toxoid was 
injected subcutaneously. The results of these experiments are shown in Table 2. 


It follows from Table 2 that the fractional administration of toxoid was more effective, Statistical treat- 
ment showed that the difference between the survival rates of the animals in the experimental groups was sig- 
nificant, if the collective results of both experiments shown in this table were considered (with a single injec - 
tion, 28 (13 + 15) of the 30 (15 + 15) animals died, and with fractional injections, 19 (10 + 9) of the 30 (15 + 15) 
animals died. 


Estimation of the antitoxin titer of the blood of the animals on the 7th, 8th, 10th and 12th days after im- 
munization failed, however, to show any essential difference in the effectiveness of the fractional and single 
methods of administration of adsorbed tetanus toxoid of series No. 157. This can be seen from Table 3. 


Later experiments, carried out with tetanus toxoids of other series, also injected subcutaneously, did not 
confirm the results of the previous experiment with series No. 157 toxoid. The results of these experiments are 
given in Table 4, 


The experimental results in Table 4 show that the effectiveness of both the single and fractional subcutane - 
ous injection of the toxoids were practically identical. 


In the final series of experiments, adsorbed tetanus toxoids of series Nos.160b2 and 47-1 were injected intra- 
muscularly, instead of subcutaneously, and singly and fractionally (Table 5). 


In this series,also,no significant difference was observed in the effectiveness of the single and fractional 
methods of administration of toxoid. Supplementary experiments showed that on the 8th day after intramuscular 
injection of 200 CU of adsorbed tetanus toxoid (series No.60b2), all the animals were alive, irrespective of the 
mode of injection of toxoid used for immunization (the intensity of immunity was tested by injecting 3.6 MLD 
of tetanus toxin). 


The results thus showed that,in the majority of experiments with tetanus toxoid and in the experiments with 
Cl. welchii toxoid used in the adsorbed form, the intensity of immunity in early stages after immunization (7th 
day) was the same whether the single or fractional methods of injection were used. These results differed from 
those obtained from a comparison of the effectiveness of the fractional and single methods of injection of liquid 
tetanus toxoid [6, 2,1]; in these experiments the fractional method was more effective. These differences may 
be understood, however, if the explanation, first put forward by Ramon [6], of the increased effectiveness of the 
fractional administration of the liquid toxoid in the same place, is borne in mind. According to this explana- 
tion, as a result of the frequent injections of toxoid in the same place, inflammatory changes develop in the 
tissues, leading to a slowing of absorption of antigen from the site of injection and, at the same time, to the 
better utilization of the antigen by the cells than after a single injection. This view was supported by numerous 
investigations by Ramon and his co-workers. 


The single injection of adsorbed toxoids also ensures delayed absorption of antigen and the formation of 
an inflammatory focus at the site of injection. The first is due to adsorption of the toxoid and to its slow elution, 
the second, to the injection of an insoluble residue of aluminum hydroxide. It is therefore obvious that the mode 
of injection of adsorbed toxoid cannot essentially influence the effect of immunization, since the principle of 
action of absorbed antigens is to achieve a fractional method of administration of liquid antigens. 
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TABLE 1 


Comparative Effectiveness of the Single and Fractional Methods 
of Injection of Adsorbed Cl. welchii Toxoid (subcutaneous in- 
jection) 


Mode of adminis- 


iment 
tration of toxoid 


No. 


Single 
Fractional 
Control 


Single 


Fractional 
Control 


TABLE 2 


Comparative Effectiveness of the Single and Fractional Methods of Injection of Adsorb- 
ed Tetanus Toxoid (series No.157, subcutaneous injection) 


Exper- Mean duration of 


iment Number of animals} Number dying | survival of animals 


No. tration of toncid which died(in days) 


5.7 
Fractional 6.2 
Control 2.6 


Single 4.8 


Control 15 2.3 


If we agree with the findings of Eisler and Eibl [3, 4] and of Prigge [5] and others, that a fundamental part 
of the mechanism of action of adsorbed preparations is a change in the physicochemical state of the antigen, the 
“extension” of its molecule as a result of adsorption, bringing about a higher immunizing effect than is possible 
with liquid antigens, then the results of our.own experiments also are in complete agreement with this hypothe- 
sis. It is quite clear that the mode of administration of adsorbed toxoid — singly or fractionally in the same place— 
cannot change its physiochemical structure. The exception was the experiments with adsorbed tetanus toxoid 
of series No. 157, in which the fractional injection was more effective than the single (according to survival of 
animais after receiving injections of toxin, but not according to antitoxin titer of the blood; see Tables 2 and 3). 


Attention is drawn, however, to the fact that the mortality among the animals immunized by a single in- 
jection of adsorbed tetanus toxoid of series No. 157 was much higher than that among those immunized by a 
single injection of the other series of toxoids, both subcutaneously and intramuscularly (see Tables 2, 4 and 5). 


Exper- 
¥ Number of animals Number dying 
7 1 10 4 : 
a 10 10 7 
| 
; 
| 
2 Fractional 
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TABLE 3 


Antitoxin Titer of the Blood of Rats Immunized by Single or Fractional Injection of Ad- 
sorbed Tetanus Toxoid of Series No. 157 (subcutaneous injection) 


Day after immunization on which antitoxin was estimated 


Mode of 
injection 
of toxoid 


1 <0.002 >0.075<0.1 

2 <0.002 >0.15 <0.2 

3 >0,004<0.006 | >0.002<0.005 | >0.075<0.1 

4 <0.002 |>0.01 <0.03 0.1 
5 <0.002 |>0.01 <0.03 >0.075<0.1 

1 >0.01 <0.03 >0.1 <0.15 
2 >0.05 <0.06 >0.075<0.1 

3 

4 

5 


Fractional >0.01 <0.03 | >0.075<0.1 
>0.01 <0.03 | >0.075<0.1 
0.05 | >0.075<0.1 


TABLE 4 


Comparative Effectiveness of the Single and Fractional Modes of Injection of Ad- 
sorbed Tetanus Toxoids of Series Nos.60b2 and 47-1 (subcutaneous injection) 


Mean duration of 
survival of animals 
which died(in days) 


- 
Series of 9 Mode of injection | No. of Number 
iment 
toxoid No of toxoid animals | dying 


Single 10 5 5.0 


| 


Control 9 9 2.6 


Since all these experiments were carried out under identical conditions — the dose of toxoid was constant. — and 
adsorption — as checked by estimation of the toxoid in the supernatant fluid — was complete, the cause of the 
low effectiveness of the preparation must evidently be sought in the special features of the antigen itself or in 
the properties of aluminum hydroxide. It seems to us a likely hypothesis that the low effectiveness of series 
No. 157 adsorbed tetanus toxoid, when given as a single injection, is due to the instability of the adsorption bond 


ar No. 7th 8th 10th 12th 

Antitoxin titer, in antitoxin units 
Single 
—$ $ 

Comrol 7 
a No. 47-1 3 Fractional 15 gx 5.5 
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TABLE 5 


Comparative Effectiveness of the Single and Fractional Methods of Injection of Adsorbed 
Tetanus Toxoids of Series Nos. 60b2 and 47-1 (intramuscular injection) 


2 M ti 
Series of Mode of injection | No. of Number of 
iment survival of animals 


toxoid No. of toxoid animals | dying which died (in days) 


Single 8.2 
Fractional 7.5 
No. 60b2 Control 2.4 


6.6 


Control 15 15 2.9 


between the antigen and the particles of aluminum hydroxide, since we know from the literature [3, 4] that the 
effectiveness of an adsorbed preparation is determined by the degree of adsorption as well as by its stability. In- 


jection of toxoid which, for some reason or other was loosely connected with the adjuvant, resembles the admin- 
istration of a mixture of adsorbed and liquid antigens, for the least firmly adsorbed part of the antigen behaves 
like a liquid toxoid as a result of its rapid elution. This also explains the low immunizing effect of such a pre- 
paration, since the liquid toxoid is a weak immunizing agent. It is obvious that the fractional administration of 
such a preparation will have an advantage over the single method, for with the fractional method, conditions are 
created for the better utilization of the liquid component. This was confirmed by our experiments with the con- 
centrated and purified tetanus toxoid [1], which showed that fractional injection of this toxoid in the unadsorbed 
state is far more effective than single injection. If this hypothesis is valid, the results of the experiments with 
adsorbed toxoid of series No. 157 do not, in fact, contradict those obtained with adsorbed tetanus toxoid of the 
other series and with Cl. welchii toxoid, since when the series No. 157 toxoid was used it showed features charac- 
teristic not only of an adsorbed but also of a liquid toxoid. 


In conclusion,it must also be stated that the subcutaneous and intramuscular injection of adsorbed tetanus 
toxoids are equally effective in both single and fractional methods of administration, as we have previously 
pointed out [1]. 


SUMMARY 


It was demonstrated in experiments on white rats that the rate ofimmunity development in primary 
immunization with sorbed tetanus and gangrenous toxoids is the same, irrespective of whether these toxoids be 
injected in a single dose or in 9 fractions at the same site and with an interval of 3 hours. These data differ from 
the results obtained with liquid tetanus toxoids, the fractional administration of which causes an earlier appearance 
of immunity than a single injection. The efficacy of the sorbed toxoids appeared to be the same in subcutaneous 
and intramuscular injection. Several experiments in which fractional administration of sorbed tetanus toxoid ap- 
peared to be more effectivethana single one are discussed from the standpoint of modern conceptions on the 
mechanism of antigen action. 
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The problem of the biological importance of normal antibodies cannot yet be regarded as satisfactorily 
solved. From the available information they may, however, be regarded as one of the factors concerned in 
natural immunity. 


Normal antibodies, reacting with pathogenic agents which have entered the body, limit their activity to 
a greater or lesser degree, and facilitate their subsequent destruction. Antigenic substances of noninfectious 
origin (red cells, protein-polysaccharide or polysaccharide-lipid complexes) which enter the body are also neu— 
tralized by normal antibodies should they be incompatible with the antigenic structure of the body. Normal anti- 
bodies thus carry out a variety of functions directed towards maintaining the constancy of the "milieu intérieur” 
of the body. 


Normal antibodies are also of interest as an indication of the potential ability of the body to produce im - 
mune antibodies. When normal diphtheria antitoxins are present in horses, in the process of immunization, anti- 
bodies are known to be formed in the majority of immunized animals. The production of a hemolytic serum in 
rabbits is most successful in cases when, before immunization, they had normal hemolysins to sheep's red cells 
[3]. It has also been observed [6] that antibacterial vaccination meets with greatest success in persons who, 
before vaccination, possessed normal antibodies in relation to the vaccine used. 


Normal antibodies themselves may act as an indication of the ability of the body to produce species-spe- 
cific proteins, possessing the functions of normal antibodies, and to maintain them at a level which is strictly 
defined for each individual. 


Different pathological processes, involving the various systems and functions of the body, may cause,to a 
greater or lesser degree, changes in the titer of the normal antibodies [1, 7,9]; this may, apparently, also be of 
prognostic importance and may sometimes be used for diagnostic purposes. 


It is possible that normal antibodies are not only factors which protect the body against infectious and toxic 
agents, but they are also of importance to the resistance of the body against the growth of tumors. 


Also of great interest are the findings relating to changes in the titer of normal antibodies arising in cancer 
patients. T. N. Bogdanova [1] investigated the sera of 9 patients and discovered a fall in their titer of normal 
agglutinins to frog's red cells. Kh. E. Mamanova [9] studied the sera of 46 cancer patients and also discovered a 
fall in their titer of hemagglutinins to red cells of man, sheep, guinea pigs, dogs and rabbits. However, bearing 
in mind the smal! number of cases and also the individual variations in the titer of normal antibodies in healthy 
persons, it is difficult to judge the significance of this phenomenon and its connection with the process of de- 
velopment of the tumor, especially as when studying the sera of patients known to be suffering from cancer,we 
are ignorant of the state of the normal antibodies of these patients before the onset of their disease. Investiga- 
tion of the immunological properties of animals with experimentally transplanted tumors has obvious advantages 
over the study of these properties in man, since in animals it is possible to compare the antibody titer before the 
grafting of the tumor and in the course of its development. 
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The aim of our present research was to study the normal iso- and heteroantibodies in patients with cancer 
and also in animals with experimentally grafted tumors, and to trace the changes in the titers of the normal anti - 


bodies,in relation to the course of development of the tumor. 


EXPERIMENTAL METHOD 


Investigations were made of the sera of 94 patients with cancer; of these patients,66 suffered from carcinoma 
of the stomach, 15 from carcinoma of the head and body of the pancreas, 2 from primary carcinoma of the liver, 
2 from carcinoma of the rectum, 4 from carcinoma of the breast and 5 from carcinoma in other situations. 


The diagnosis in all patients was confirmed by histological examination of biopsy specimens or by diagnostic 
laparotomy (in inoperable cases). Of the total number of cancer patients,we specially separated a group of inop- 
erable patients with far advanced neoplasms (33 patients). As a control,we examined 53 sera from apparently 
healthy persons. 


In all the sera, we determined the presence and titer of the normal heterohemagglutanins to red cells of 
the sheep and rabbit, and the group isohemag,lutinins to human red cells. Serial dilutions were prepared from 
the serum with physiological saline, and 2 drops of each dilution were left behind in the agglutination tube. To 
each tube, including a control containing 2 drops of physiological saline, was then added 1 drop of a 5% suspension 
of red cells, washed three times in physiological saline. After careful agitation, the tubes were kept at room 
temperature for 15-20 minutes, and were then centrifuged for 1 minute at 2000 rpm, and the results of the ex- 
periment read. 


The degree of the hemagglutination reaction was designated as follows: +++, when the agglutinate did 
not break up on gentle agitation of the tube; ++, if on agitation the agglutinate disintegrated into 2-3 large lumps; 
+, if a larger number of well-defined lumps was obtained; the — sign indicated absence of agglutination. The 

titer of the normal agglutinins of the serum was taken to be its greatest dilution at which agglutination assessed 

as + took place. 


EXPERIMENTAL RESULTS 


In Table 1 are shown the results of the study of the titers of normal antibodies in the sera of healthy human 
subjects and cancer patients. 


TABLE 1 


Titers of Normal Heterohemagglutinins in the Sera of Healthy Human Subjects and 
Cancer Patients to Sheep's Red Cells 


Number |Number of sera with hemagglutinins to sheep's 
Sera of of sera red cells in a titer of Average 
examined titer 


1:2 1:4 | 1:8 


Healthy human 
subjects 


Cancer 
patients 


Inoperable cancer 
patients 


It can be seen from Table 1 that,of the 53 sera from apparently healthy persons tested,not one was found 
in which hemagglutinins to sheep's red cells were absent. The normal hemagglutinins were usually present in a 
titer of 1:16 and 1:32; the average titer for this group of healthy human subjects was 1:22. 


x 
pe 53 - - 2 9 23 15 4 1:22 
po 94 10 8 13 18 20 17 8 1:17 
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TABLE 2 


Titers of the Normal Heterohemagglutinins in the Sera of Healthy Human Subjects and 
Cancer Patients to Rabbit's Red Cells 


Number Num ber of sera with hemagglutinins to rabbit's 
of sera red cells in a titer of 
examined 


Healthy human 
subjects 


Cancer patients 
Inoperable cancer 


patients 


Of the 94 sera obtained from cancer patients, in ten, hemagglutinins to sheep's red cells were completely 
absent, and in eight,they were present in a titer of 1:2; the average titer of hemagglutinins was 1:17. An even 
lower average titer of hemagglutinins to sheep's red cells was found in the inoperable patients — 1:13. 


TABLE 3 


Titers of the Normal Heterohemagglutinins in the Sera of Healthy Human Subjects and 
Cancer Patients 


Healthy human 
subjects 


Cancer patients 


Inoperable cancer 
patients 


We observed changes similar to those in the sera of cancer patients compared with the sera of healthy per- 
sons in relation to agglutinins to rabbit's red cells (Table 2). 


The titer of hemagglutinins to rabbit's red cells in the sera of the healthy human subjects was not below 
1:32, but in cancer patients sera with a titer of 1:4 and 1:16 were found. However the fall in the average titer 
of agglutinins to rabbit's red cells in the cancer patients (including those with inoperable lesions) as compared 
with the sera of the healthy persons was insignificant. 


The titers of the normal isohemagglutinins did not remain unchanged in the cancer patients. The results 
obtained are shown in Table 3. 


As can be seen from Table 3, in the cancer patients sera with a low antibody titer were usually found: 
1:2, 1:4, 1:8 and 1:16. The average isohemagglutinin titer of the sera of the cancer patients (including those 
with inoperable lesions) was below that in the sera of the healthy persons. This feature should be remembered 
when the compatibility of the serum of a cancer patient with the blood of a donor is being tested at the patient's 
bedside. 


titer 
94 - 2] - 65 | 24 | 30 | 33 | 1:74 
33 - 2|-|3 3 | 14 | 11 | 1:74 
2 
|Number of sera with isohemagglutinins in a 
Sera a < |titer of 
3 sil 1:8 |1:16 § 
53 9 |- |- 8 | 30 1:102 
94/13 |1 5 | 6 | 18 29 | 21 1:65 
ia ja 3 5 719 1:60 
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TABLE 4 


Heterohemagglutination Reaction in the Sera of Rats before Implantation of an M-1 Sarcoma and during Its 
Growth, in Relation to Human Group A(II) Red Cells 


leterohemagglutination reaction of rat sera 
ith human Group A(ID red cells 


State of animal and size of tumor 


Experimental 
animal No. 


|amination 


9/21/1954 | Before implantation of tumor +++ 
= +++ 

M-1 sarcoma implanted 

Tumor grown to the size of a bean - 

Tumor the size of a pigeon's egg - 

Tumor the size of a hen's egg - 

Death of animal: 


Before implantation of tumor 


” 


M-1 sarcoma implanted 

Tumor grown to the size of a bean 
Tumor the size of a pigeon's egg 
Tumor the size of a hen's egg 
Tumor began to disintegrate 
Destruction of tumor 

Death of animal: 


Before implantation of tumor 


M-1 sarcoma implanted 
No growth of tumor observed 
Tumot grown to the size of a bean 
Tumor began to disintegrate 
Destruction of tumor 

Scar formation commenced: 


6/19 Before implantation of tumor 


6/24 M-1 sarcoma implanted 

6/ 28 No growth of tumor observed 
20 1/5 Tumor grown to the size of a bean + - - > ° 

1/13 Tumor began to disintegrate ++ + - ” - 

1/ 20 Destruction of tumor ++ + - - - 

1/30 Scar formation commenced ++ + - - - 


A comparative study of the normal antibodies in healthy human subjects and patients with cancer thus 
showed that in association with carcinoma a fairly well-marked fall takes place in the titer of iso- and hetero- 
hemagglutinins. 


Besides the human sera, we also examined the sera of 20 rats with subcutaneously transplanted M-1 sarcomas. 
Blood was taken from the caudal vein of each animal on 7 occasions and the presence of heterohemagglutinins to 
human Group A(II) red cells was determined in the sera before implantation of the tumor and in the course of its 
growth. According to data in the literature, the normal antibodies to human red cells in rats are a reasonably 
sensitive index of the immunological reactivity of these animals [12]. In Table 4 are shown the results of the 
experiments on animals with implanted tumors. 


cy) 
Alls va | a4 | a0 | sae | 100 : 
1 ++ ++ + ~ 

1 

2 1 - - 

1 - - - - 

1 
9/2. | tee | | 
10/6 

9 10/19 - - - - 
10/ 26 + - - - 

11/13 
ie 6/ 24 

e 6/ 28 +++ ++ + - 
: 12 1/5 ++ + + - 
1/ 20 ++ + + 
1/30 ++ + - - 
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It can be seen from Table 4 that with increasing development of the tumor in the rats (experimental 
animals Nos. 2 and 9),a fall in the titer of antibodies to human red cells was observed, and later their complete 
disappearance, after which death of the animal ensued. In those cases when the tumors ulcerated and regressed 
(experimental animals Nos. 12 and 20), during development of the tumor, the antibodies also disappeared, but 
during the period of cicatrization of the lesion,they reappeared. 


These investigations thus showed that in rats the process of progressive development of tumors is accompanied 
by a fall in the titer of normal antibodies. Our observations on experimental animals suggest that the fall in the 
titers of normal antibodies in cancer patients also depend on the development of the malignant lesion. 


The factors responsible for causing the fall in the titers of normal antibodies in cancer patients are still 
unknown. It has been shown in many investigations devoted to the study of the plasma proteins in cancer that 
depletion of the body protein (which could account for the fall in the titers of normal antibodies) occurs mainly 
at the expense of the albumin fraction of the plasma protein; the globulin fraction, which is known to carry the 
antibodies, remains unchanged until the terminal period of the animal's life (2, 4,5,8, 10,11]. It may be as- 
sumed that,during the development of the tumor, there is a fall in the antigenic function of the body which shows 
itself, in particular,by a fall in the titer of normal iso- and heterohemagglutinins. In this connection,the experi - 
mental findings showing that the appearance of the tumor is most often observed in animals characterized by a 
low titer of normal antibodies, are themselves of undoubted interest [13-15]. 


SUMMARY 


The titer of normal hemagglutinins relative to sheep, rabbit and human erythrocytes was studied in the 
blood serum of healthy persons and cancer patients. Besides, the changes in the titre of normal antibodies were 
studied in the blood serum of rats during the growthof inculcated M-1 sarcoma. It was established that develop- 
ment of the cancer process in man is associated with.reduction of the titer of normal iso- and heterohemagglu- 
tinins, observed also in experimental animals, parallels the progressive development of the tumor. Spontaneous 
resolution of the tumor is associated with the restoration of the titer of the normal antibodies. 
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A COMPARATIVE STUDY OF THE ANTIGENIC STRUCTURE OF TUMOR 
TISSUE AND HOMOLOGOUS NORMAL TISSUE 


COMMUNICATION I. AN INVESTIGATION OF THE ANTIGENIC PROPERTIES OF 
GUEREN'S CARCINOMA AND OF THE NORMAL UTERUS IN RATS BY MEANS OF 
THE COMPLEMENT FIXATION REACTION 


M. S. Lomakin 


From the Laboratory of Noninfectious Immunology (Head — Prof. I. N. Maiskii) 
of the Institute of Experimental Biology (Director — Prof. I. N. Maiskii) of the 
AMN SSSR, Moscow 


(Received July 24, 1958. Presented by Active Member AMN SSSR N. N. Zhukov- 
Verezhnikov) 


The study of the antigenic composition of tumor tissues is of great scientific and practical importance. A 
number of workers [6, 11, 17] have pointed out that the antigenic composition of carcinoma cells is very complex. 


P. N. Kosyakov [6], for example,showed experimentally that human tumor cells contain the same A, B, M, 
N and rhesus antigens as the normal tissues of the person from whom the tumor was taken. V. K. Kozlov [5] 
established by means of the anaphylaxis with desensitization test that the ascitic cells of Ehrlich's mouse adeno- 
carcinoma also contain a specific carcinoma antigen and an antigen identical with the organ-specific antigen 
present in normal mammary gland tissue: of mice. 


Other investigations have been carried out, however, which have shown that certain malignant tumors of 
man and animals do not contain all the antigens present in the corresponding normal tissues, Research by Weiler 
[18-20], for example, showed that cells of a hepatoma of a rat and of a carcinoma of the kidney in a hamster 
lose their organ-specific antigens during malignant transformation, thereby becoming simpler in structure. It is 
true that criticism of this work has appeared recently [14, 16], but,nevertheless, this problem remains unsolved. 


Grabar, Seligman and Bernard [13] also report the antigenic simplification of tumor cells in relation to the 
leucocytes and lymphocytes of patients suffering from chronic lymphatic leukemia. 


In research by Kay [15], it was observed that certain epithelial tumors of the urogenital tract in man may 
not contain the group antigens A and B, although they are present in the normal tissues. 


Edlinger and Lacour [12] showed, by means of immunological reactions,that the mammary gland tissue of 
the rat contains antigens in common with epithelioma of the mammary gland, and also antigens which are not 
found in the tumor tissue. 


In view of the contradictory nature of the findings on the problem which we have chosen, we decided to 
compare the antigenic composition of tumor tissue and of homologous tissue of the organ from which the tumor 


was derived. 


EXPERIMENTAL METHOD 


For the comparative study of the antigenic composition,we selected, for our experiments, tissue from a 
Guérin’s rat carcinoma and tissue of the normal rat's uterus. This choice of tissues was made because Guerin's 
rat carcinoma is known to be derived from spontaneous carcinoma of the uterus of rats, and it is, therefore, homol- 
ogous with this organ in its origin. The tissues were investigated immunologically by means of the complement 
fixation test, performed in the classical manner and also after preliminary specific adsorption of the immune sera 
by the method suggested by P.N. Kosyakov [7]. 
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In our work,we were guided by the research of G.P. Airapet' yan, who succeeded, first, in producing ad- 
sorbed tumor antisera, narrow in their specificity, with a reasonably high titer of antibodies (++ at 1:200), and 

secondly, in showing that specific carcinoma antigens of the same species of animal differed in their antigenic 
composition [2]. 


Rabbits were immunized with tissues from metastases of a Guérin's carcinoma in the lymphatic glands and 
internal organs of experimental animals. The rabbits, of the chinchilla species, were immunized according to 
the usual scheme. Sera were taken from the immune rabbits on the 8-10th day after the last course of immu- 
nization. It should be mentioned that immunization of the rabbits, even with small doses of a saline extract of 
fresh tissue of normal rat's uterus, was followed by death of a large proportion of the animals. In this case,the 
fresh tissue of the normal rat's uterus obviously possessed high toxicity to rabbits and was capable of eliciting a 
fatal anaphylactic shock. 


EXPERIMENTAL RESULTS 


In the first series of experiments, we attempted to study the antigenic composition of Guérin's carcinoma 
and of normal rat's uterus by means of the complement fixation test, performed in the classical manner. For this 
purpose,immune sera to Guérin’s carcinoma (No. 1153 and 3521) and to normal rat's uterus (No. 3266 and 3521) 
were used, Only sera with a high titer of immune antibodies — of the order of 1:1280 or 1:2560 — were used in 
the experiment. Sera with a low titer of immune antibodies were excluded from the experiment since they were 
completely exhausted by adsorption with the corresponding formalized antigens. In the complement fixation 
test,both homologous antigens and antigens from the normal organs of the rat (spleen, liver and kidneys) were 
used. The results of these investigations are shown in Tables 1 and 2. 


TABLE 1 


Complement Fixation Test on an Immune Serum to Guérin's Carcinoma with Homologous Antigens from 
Tissue of the Normal Uterus, Kidney Spleen and Liver of the Rat 


Diiution of serum 


Antigens 


1:80 1:160 


1:2560 


4 
From Guerin's carcinoma ++++ ++4+4+ 


normal uterus ++4++4 +444 


kidney +44 


spleen 


liver 


Serum control 


Legend: ++++ or +++ greatest degree of fixation of immune sera with antigens; ++ smaller degree of fix- 
ation, + very slight fixation; ~ no positive reaction, h — total hemolysis 


As may be seen from the results in Table 1, the classical complement fixation test revealed no antigenic 
differences or antigenic similarity between Guérin's carcinoma and normal rat's uterus. The serum of a rabbit, 
immune to Guerin’s carcinoma, reacted at high titer with homologous antigen and at approximately the same 
titers with antigens from the tissue of the normal uterus, kidney and spleen. A similar picture was observed also 
in relation to the complement fixation test on the serum of a rabbit, immune to normal rat's uterus, with homol- 
ogus antigen and with antigens from Guerin's carcinoma and the normal organs of the rat (see Table 2). In 
both the first and second case,a comparatively slight fixation of the immune sera was observed with antigens 
from the liver tissue of the rat, and,moreover, there was slightly less fixation of the serum of a rabbit immune 
to normal rat's uterus with this antigen (+++ at 1:160), From an antigenic point of view, the liver obviously 
differed more than the other organs from the tumor tissue and the tissue of the normal rat's uterus. 


: 1:20 | 1:40 1:320 1:640 | 1:280 Pe 
| | ++ 
+444 | +444 | +444 | +44 ++ h h 
FP ++ + h h h h h h 
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TABLE 2 


Complement Fixation Test on an Immune Serum to Normal Rat's Uterus with Homologous Antigen and 
Antigens from Guérin's Carcinoma, and from Kidney, Spleen and Liver of the Rat 


Dilution of serum 
Antigens 


1:80 1:160 1:320 : 1:1280 | 1 2560 


From normal uterus 


Guerin’s carcinoma 
kidney 

spleen 

liver 


Serum control 


Legend: ++++ or +++ greatest degree of fixation of immune sera with antigens; ++ smaller degree of fixation, 
+ very slight fixation; — no positive reaction, h— total hemolysis. 


The ordinary complement fixation test thus revealed neither antigenic similarity nor antigenic differences 
between the tumor tissue and the tissue of the normal rat's uterus. 


The experiment, performed in this way, failed to show the presence in the tumor tissue of a specific carci- 
noma antigen, the existence of which has been demonstrated by many workers [1-5, 7-10]. 


In order to find out whether there was, in fact, any antigenic similarity or antigenic difference between 
Guérin’s carcinoma and normal rat's uterus, we decided to use the method of preliminary specific adsorption of 
immune sera with the corresponding formalized tissues. Adsorption of the immune sera was carried out, on the 
one hand, on a mixture of carefully ground up tissues of the tumor, spleen and kidney and, on the other hand, on 
a mixture of ground up tissues of normal uterus, spleen and kidney. The spleen and kidney of the rat were in- 
cluded in the experiment because they have a great antigenic resemblance to the tissues tested, but at the same 
time do not contain the organ-specific antigens present in the tissue of the normal rat's uterus. 


In Table 3 are shown the results of one experiment of this second series. 


The serum of a rabbit, immune to Guérin's carcinoma, after adsorption on a mixture of formalized tissues 
of the tumor, spleen and kidney, now contained no antibodies to either the homologous tumor or the tissue of the 
normal rat's uterus. In this case, therefore, these particular adsorbents had completely extracted the antibodies 
from the immune serum. The serum of a rabbit, immune to Guérin’s carcinoma, after adsorption on a mixture 
of formalized tissues of the normal uterus, spleen and kidney of the rat continued to react at a comparatively 
high titer( ++ at 1:160) with only the homologous, i.e.,the tumor antigen. By its antigenic properties, Guérin’s 
carcinoma thus differed from both the tissue of the normal uterus and the tissues of the spleen and kidney. If 
this difference had not been present, the normal tissue of the homologous organ and the tissues of the other normal 
organs would have adsorbed all the immune antibodies, but this did not occur during the experiment. 


The serum of a rabbit, immune to normal rat's uterus, after adsorption on a mixture of formalized tissues 
of the normal uterus, kidney and spleen of the rat, did not contain, in a comparatively high titer, antibodies to 
any one of the four antigens (tumor, uterus, kidney and spleen). The serum of a rabbit, immune to normal rat's 
uterus, after adsorption on a mixture of formalized tissues of the tumor, kidney and spleen, continued to react, 
in the complement fixation test, only with antigens from the tissue of the normal uterus (+++ at 1:80) and no 
fixation took place with antigens from the other tissues. The results of these tests showed that the normal uter- 
ine tissue of the rat differed in its antigenic properties from the carcinoma of the uterus and contained antigens 
which were not present in the tumor. If this difference had not been present, the tissue of the Guérin’s carcinoma 
would have adsorbed all the immune antibodies contained in the serum of the rabbit, immune to normal rat's 
uterus, 


+444 | +444 [444 h h h h 

+++ | 444 oe. be h h h h a 
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The results of our experiments showed that the tissue of a carcinoma of the uterus(Guérin’s strain) con- 
tains an antigen which is not present in the tissues of the normal organs of the rat (uterus, kidney and spleen), 
but at the same time an antigen or antigens present in the normal uterine tissue of the rat are not found in the 
tumor. In this connection,it is postulated that carcinoma of the uterus and normal uterus of the rat differ in 
their antigenic properties. 


SUMMARY 


Antigenic differences between the uterine carcinoma (Guerin’s strain) and the normal rat's uterus may be 
revealed by specific adsorption of immune serums. An antigen exists in the tumor’ tissue which is absent in the 
normal rat's uterus, spleen and kidney. At the same time,certain antigens which are absent in the tumor of this 
organ are present in the tissue of a normal uterus. In other words, these tissues differ from each other by their 
antigenic properties. 
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EXPERIMENTAL BIOLOGY 


THE MITOTIC BEHAVIOR OF THE LIVER DURING REPARATIVE 


REGENERATION 


L.D. Liozner, Z.A. Ryabinina and V.F. Sidorova 


From the Laboratory of Growth and Development (Head — Prof. L.D. Liozner) 
of the Institute of Experimental Biology (Director — Prof. I.N. Maiskii) of the 
AMN SSSR, Moscow 


(Received August 12, 1958. Presented by Active Member AMN SSSR V., N. 
Chernigovskii) 


Most workers have come to the conclusion that regeneration of the mammalian liver after injury takes 
place on the basis of the mitotic proliferation of the cells of the residual part of the organ. At the same time, 

the findings of certain workers [4, 6, 7] on the time of appearance of the mitoses and their number are in disagree- 
ment, although in the majority of experiments,a standard operation was used (extirpation of § of the liver by the 
Higgins and Anderson method). These differences may be partly explained by the fact that, in the analysis of the 
experimental findings, no allowance was made for the time of fixation of the tissues or the time of injury. 
Nevertheless,these important factors must not be ignored, as has been shown by the findings of a number of work- 
ers (1, 2, 3, 5, 9] who studied the physiological regeneration of various tissues, and by the special experiments of 
Jaffe [8]. Jaffe discovered a well-marked diurnal periodicity of the mitotic activity of the liver cells during re- 
generation of the liver in rats. According to his results, the maximum number of mitoses is found during the 
mourning hours. Jaffe also attempted to establish a relationship between the mitotic activity and the time of 
operation, but came to the conclusion that, generally speaking, no such relationship exists. 


We set out to ascertain how widespread is the phenomenon of diurnal periodicity of mitotic activity during 
regeneration of the liver, and,for this purpose, we carried out experiments, not on rats as used by Jaffe, but on mice. 
We also considered it necessary to investigate,in mice,the influence of the time of operation on the subsequent 
mitotic activity of the liver cells. 


EXPERIMENTAL METHOD 


Experiments were performed as follows. The left lateral and central lobes of the liver, amounting to 60- 
10% of the total weight of the organ, were completely removed from white mice. One group of mice was sub- 
jected to this type of operation between 9 A.M. and 12 noon (morning group) and a second group between 6 P.M. 
and 9P.M.(evening group). 


The regenerating liver was fixed for histological examination 48, 54, 60, 66 and 72 hours after operation 
(5-7 animals at each time). The times of fixation of the morning group of mice were 9 A.M. 3 P.M., 9 P.M. 
3 A.M. and 9A.M., and of the evening group the corresponding times of fixation were 9 P.M.,3A.M., 9A.M., 
3P.M. and 9P.M. (see table), The animals were killed (on the 2nd-3rd day after operation) at times selected 
on the basis of research by Yakoyama et al. [10], which showed that the maximum number of mitoses is observed 
in the regenerating liver of the mouse at this time. 


Before fixation, the liver was weighed. The residual lobes of the liver were enlarged 14 to 24 times. On 
the average, the weight of the regenerating liver amounted to 58-78% of the weight of the liver in control animals. 
The material was fixed in Zenker's fluid and the sections were stained with hematoxylin eosin. The number of 
mitoses per 4500 liver cells was counted in a small piece of tissue excised from the caudate lobe of the liver. 
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EXPERIMENTAL RESULTS 


On microscopic examination of the regenerating liver,it was found that on the 2nd-3rd day after operation, 
besides intensive mitotic division of the liver cells, in a number of cases,the cells were enlarged. The hyper- 
trophy of the cells was shown particularly clearly at the periphery of the hepatic lobules, where a disturbance of 
the proper arrangement of the cells in trabeculae was often observed. The liver lobules were larger than normal; 
in the experimental animals, the distance between the central veins in cross sections of the lobules was on the 
average 42.5 divisions of the ocular micrometer, and in the control animals, 35.8, There was no regular feature 
of the distribution of the dividing cells to be seen in the lobule. Besides mitoses, amitoses were also found in 
the liver cells, although these were rarer. We also found, rarely, mitotic divisions in the epithelium of the bile 
ducts and in the Kupffer cells. 


Group of mice undergoing operation in the morning 


O Ist series 
@ 2nd series 


Operation 


56 60 66 «69 poss operation 
1S a zg 6 g Time of day 


Number of mitoses 


Group of mice |fundergoing operation 
in the evening 


Operation“ 


ab 45 48 «57 
2 6 


Hours after operation 


g 


Changes in the number of mitoses, in the course of the second and third days 

after operation, in the liver of mice undergoing operation in the morning and 
evening hours. Each column represents the total number of mitoses found in 

the liver of all mice killed at that particular time. 


The results of the mitosis counts in the liver cells at different times after operation are shown in the table 
and in the figure (see data of the Ist series). Attention is drawn,in the first place,to the fact that at hardly any 
time of regeneration was it possible to obtain absolutely consistent results in respect to the number of mitoses. 
Whereas the liver of some mice showed high mitotic activity, an almost complete absence of mitoses was observ- 
ed in that of other mice. There were, therefore, no grounds for speaking of a regular diurnal periodicity of 
mitosis in the regenerating liver of mice. Nevertheless,the results obtained did show certain regular features 
about the mitotic activity. The distribution of the number of mitoses among the different times of fixing was, 
undoubtedly,uneven. Periods could therefore be distinguished in which enhanced mitotic activity was observed. 
We accepted, to some extent conventionally, that increased mitotic activity could be defined as the presence of 
100 mitoses each in the liver of not less than 2 mice. When the table is scrutinized from this point of view, it 
is easy to be convinced that in the mice undergoing operation in the morning two peaks of mitotic activity were 
observed — at 9A.M. and 3A.M. on the 2nd and 3rd days after operation. In the mice undergoing operation in 
the evening, it is possible to find only one peak of mitotic activity of the liver cells, at 3A.M. on the 3rd day 
after operation. At the remaining times of day,a very small number of dividing cells was to be observed. Only 
in individual mice were larger numbers found. On the average,the number of mitoses in the "morning" group of 
mice was greater than in the “evening” group. The average number of mitoses per mouse undergoing operation 
in the morning was 57.3; the average, per mouse, in the evening group — 26.9. If in calculating the average 
number of mitoses, only the figures obtained at 4 intervals of time, i.e., in the course of 24 hours, were used, 
then the average number of mitoses per "morning" mouse was 54.1, and per “evening” mouse 31.6. 
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Number of Mitoses in the Liver of Individual Mice at Different Times after Operation 


Time of operation Evening 


Time of fixing 


Duration of regener-| | 
ation 


259 130 | 29 |186 109 


Number of mitoses in 931 34 10 |136 


First series 
individual mice ' 


Average 


Average number of 57.3 
mitoses per mouse arta 


Second series 


9. 40 | 52 |238 | 48 | 90 6 | 15 

Number of mitoses in | 259 313 50 5 | 19 | 24 | 83 |110 | 44] 48] 4 3 
individual mice 54 | 203 34 5 | 12 |217| 14| 28| 50] 19] 46] 3] O 
41 | 197 6 | 3] 12/124] 21] 27] 16/30] 3] oO 

0 


2 107 6 2/31] 6] 6] 26] 10; 


Average 228 | 41 | 19 


45 


Average numberof 
mitose es per mouse 90,9 


In order to verify our findings, we repeated our experiments after one year under the same conditions (see 
table, second series). We added one further time of fixing the material, namely 6 A.M.,in order to find out 
whether the peak of mitotic activity of the liver cells persisted throughout the whole interval from 3 to 9 A.M. 
As may be seen from the table, the results obtained were similar to those of the previous series. There were, 
however, a few variations. In the "morning" mice,we found no peak of mitotic activity at 3A.M. on the 3rd 
day. An increase in the number of divisions was found later, namely at 6A.M., In the “evening” mice,only one 
peak of mitotic activity was now found — at 3 A.M.on the 3rd day after operation. The average number of 
dividing cells per mouse undergoing operation in the morning was now 90.9, and per mouse undergoing operation 
in the evening — 23.7. If the additional fixing time (6 A.M.) was excluded, the corresponding average value 
would then be 63.8 and 38.7, which were close to the results of the first series. 


It follows from these findings that periodic increases in the mitotic activity of the liver cells could be de- 
tected in the liver of mice undergoing operation. Between 3A.M. and 9 A.M.,the number of mitoses was higher 
than at the other times of day. This feature was apparent, however, in far from every animal. It cannot, there- 
fore, be asserted that by fixing the liver at a particular period of time, it will always be possible to find a large 
number of mitoses. Nevertheless, if this interval of time is examined, there is no doubt that it is characterized 
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by an increase in mitotic activity. We may point out that, in his paper, Jaffe found a constant periodic increase 
in mitotic activity thanks to the fact that he injected the animals, 4 hours before fixing, with colchicine which 
led to a gradual accumulation of mitoses. 


We found an increase of mitotic activity only on the 2nd and 3rd days after operation and at the beginning 
of the 4th day; at 9A.M.,the number of dividing cells was small. Examination of sections of the regenerating 
liver on the 5th and 6th day also revealed a stnall number of mitoses. 


The second conclusion from our work was that the mitotic activity of the liver cells depended on the time 
of operation. The “evening” mice had only one peak of mitotic activity of the liver cells, taking place at3 A.M. 
(54 hours after operation). Neither at 6 nor at 9 A.M. did they show an increase in the number of dividing 
cells. Meanwhile,the "morning" mice showed a peak of mitotic activity at 6,9, and 3A.M.(45, 48, and 66 hours 
after operation). As a result, more mitoses appeared,on the average,in the “morning” than the “evening” mice, 
i.e.,their mitotic activity was higher. The impression was created that there were times at which the mitotic 
activity of the cells of the regenerating liver was greatest (3-9 A.M.), although it must be remembered that the 
appearance of mitotic activity within these limits depended on the time of operation. 


Our findings showed that the behavior of the mitotic division of cells during regeneration of the liver in 
mammals is quite complex. This has obviously been largely responsible for the differences in the results obtain- 
ed by individual authors. 


Although,in a few mice,we obtained no enhanced mitotic activity of the liver cells, it would be premature 
to conclude that other methods of production of new cells, namely amitosis, had any considerable part to play. 
Since it was not possible to observe a regular diurnal periodicity in the liver of the mice, it is not excluded that 
mitotic activity may take place in individual mice at another time of day. Our results raise the question of the 
necessity of making a more detailed analysis of both the methods of increase in the number of cells during re- 
generation of the liver and the conditions regulating mitotic activity. One of these conditions, previously un- 
recognized, which must also be borne in mind is the time of operation. 


SUMMARY 


Mitoses in the regenerating liver were observed on the 2nd—3rd day after the removal of */, of this organ, 
mainly from 3 A.M. to9 A.M. There is not much mitotic activity during the rest of the 24 hours, large number 
of mitoses being revealed only in individual animals. There were many more mitoses revealed in the liver of 
the mice operated at 9 to 12 in the moming than in those operated during the evening hours (at 6 to 9 P.M.). 
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THE ACTION OF AN EXTRACT OF NAPHTHALAN OIL ON THE 
EPIDERMIS OF THE EMBRYO AND ITS EFFECT ON THE 
TAKE-UP OF RADIOSULFUR (S°5- METHIONINE) 


From the Laboratory of Histology (Head — Prof, L. N. Zhinkin) of the Institute 
of Experimental Medicine (Director — Corresponding Member AMN SSSR D. A. 
Biryukov) of the AMN SSSR, Leningrad 


(Received July 28, 1958. Presented by Active Member AMN SSSR N. G. Khlopin) 


Investigation of the problem of atypical proliferation of the epithelium and the search for methods of 
stimulation of wound healing have led to detailed studies, being made at the present time,of the action of exo- 
genous factors of various chemical natures on the epidermis of mammals and man. However, the literature on 
this subject contains no reference to histological investigations of the reactive changes of the epidermis in re- 
sponse to chemical irritants in the period of embryonic histogenesis. Such investigations are necessary both 
from the point of view of analysis of the problems which we have mentioned above and of elucidating the bio- 
logical properties of the normal epidermis. 


In the present research,we investigated the reactive changes in the epidermis of white rats in the period 
from the 17th to the 20th day of intrauterine development. 


EXPERIMENTAL METHOD 


The irritant used was an alcoholic extract of naphthalan oil which, according to S.K. Rozental’ [5], I.1. 
Kopzon [4] and others, causes the typical picture of hyperkeratosis in adult animals. By means of a specially 
devised technique (A.K. Dondua and A.A. Zavarzin [2]),we introduced powdered carmine soaked with naph- 
thalan oil into the epidermis of rat embryos on the 17th day of development. The reactive changes in the epi- 
dermis were studied 24, 48 and 72 hours after the operation. Material from 30 embryos was studied. 


Application of an irritant stimulating the process of keratinization made it necessary not only to study the 
morphological features of the reactive changes in the epidermis of the embryos,but also to compare them with 
the changes in the intensity of metabolic processes specifically connected with keratinization. A characteristic 
feature of the latter is the accumulation in the epithelial cells of proteins containing sulfur. 


After administration of amino acids labeled with S*° to the animals, their selective accumulation in epi- 
thelial cells preparing to undergo keratinization and their subsequent transposition to the stratum corneum was 
revealed by the method of autoradiography [6, 7]. 


Thus,by the rate of incorporation of radiosulfur in the various layers of the epidermis, it was possible to 
judge the intensity of metabolism of sulfur-containing proteins connected with keratinization. Accordingly, female 
rats, after undergoing the operation, were given injections of methionine, labeled with 35 in a dose of 0.5 pC/g 
body weight at different times before the material was taken for examination (4,24 and 48 hours). 


Besides the ordinary histological preparations, from the fixed material were prepared tracer and contrast 
autoradiographs on type "P" emulsion, supplied by the Research Institute of Cinematography. 
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The changes in the epidermis observed in the region of injection of the irritant were compared with the 
histological structure of the normal epidermis at corresponding stages of development of the embryo and with 
the intensity of inclusion of radiosulfur in the epidermis. 


EXPERIMENTAL RESULTS 


The research of Hansen [8] and T.F. Grenberg [1], and also our own findings,have shown that the epidermis 
of rat embryos on the 17th day of development consists of three layers of cells: basal, intermediate and perider- 
mal. Later on,a thickening of the epidermal layer takes place on account of proliferation of the basal and inter- 
mediate cells, and,on the 18th day of development, the latter are arranged in several layers, while in areas of 
this tissue adjacent to the periderm these cells have a distinctive, flattened shape. In the lower areas of this tis- 
sue, prickle cells may already be seen,at this time. 


The first morphological signs of keratiniza- 
tion appeared in the cytoplasm of the superficial 
cells in the form of tiny granules of keratohyalin, 
on the 19th day of development. Later, these cells 
became filled with large, oxyphilic inclusions, and 
stood out sharply among the basophilic peridermal 
and underlying superficial cells. 


On the 21st day of development, the epidermis 
had now acquired all the signs of a multilayered, 
keratinizing epithelium, and consisted of stratum 
19 basale, stratum spinosum, stratum granulosum and 


Age of the embryos, in days stratum corneum. 


DSSS 


Fig.1. Intensity of incorporation of $** in the The morphological observations were com- 
epidermis and connective tissue. Embryos on pared with the results of a study of the intensity of 
the 17th, 18th, 19th, 20th and 21st days of de- inclusion of S** in the stratum basale, stratum 


velopment. 1) Connective tissue; 2) basal spinosum and the superficial stratum granulosum of 


layer; 3) prickle-cell layer; 4) superficial gra- the developing epidermis. In order to check the 

nular layer of the epidermis (methionine, label - reliability of the results, methionine in the same 

ed with sg”, injected 24 hours before fixation). dilution was injected at the same time into female 
rats at various periods of pregnancy. Sections of 
the skin of embryos of different ages were placed 
on the same glass slide. 


When the tracks were being counted, for each age,the average number on 1 square of the grid of the ocular 
micrometer was calculated (100 y” area of section) from 400 such squares on the tracer autoradiographs from two 
different embryos. 


The results obtained are shown in the form of a diagram (Fig. 1). Analysis of these results showed that at 
the beginning of the period under scrutiny, the intensity of inclusion of s** was maintained at a comparatively 
low level in all the layers of the epidermis. 


With the appearance in the epidermis of the first signs of keratinization, the intensity of inclusion of 


increased (in embryos on the 19th day of development by 30%, 20th day by 50-80%,and 21st day by 80-120%), 
although the intensity of accumulation of s** in the different layers of the epithelium was not the same. It took 
place more intensively in the stratum spinosum and stratum granulosum, presumably on account of the increase 
in the processes of synthesis and the accumulation of sulfur-containing proteins here. A regular connection 
between the intensity of accumulation of S** in the epidermis and its differentiation became apparent under these 
experimental conditions, during artificial stimulation of keratinization. 


Injection of the irritant into the thickness of the epithelial layer of the embryo on the 17th day of develop- 
ment caused stimulation of cell proliferation, and only 24 hours later,the thickness of the epithelial layer in the 
center of the injured area was 3-4 times thicker than the normal epidermis (Fig. 2, Ia). Thickening of the 
epidermis also took place in enighboring areas. In the hypertrophic epidermis, basal, prickle cell, superficial 
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and peridermal layers were well distinguished. A feature of the traumatized area was the gross thickening of 
the superficial and prickle-cell layers, and also the border between these cells, which was clearer than normal, 
and the rounding of the peridermal cells, forming characteristic protrusions into the lumen of the amniotic cavity. 


The layer of superficial cells was distinguished in the epidermis by the intensity of staining of its cytoplasm. 
Among the ordinary cells in the center of the traumatized area were encountered isolated cells, the cytoplasm 
of which stained with acid dyes. Their appearance gave evidence of the onset of mosaic keratinization of the 
superficial cells, the full development of which took place in the course of the second day after operation. 


In the center of the traumatized area, at a point adjoining the periderm of superficial cells, a layer of 
keratinizing cells was formed, which gradually thinned out toward the periphery, changing into a layer of kera- 
tin scales (Fig. 2, Ia). 


Fig. 2. Changes in the epidermis in the region of administration of extract of naphthalan oil. 

I) 24 hours after injection. a) Hypertrophic epidermis in the region of the injury. Stained by eosin-azure. Ob- 
jective 60. Ocular 5; b) contrast autoradiograph of the hypertrophic epidermis. Methionine, labeled with S*°, 
injected 24 hours before fixation. Objective 20. Ocular 7; c) contrast autoradiograph of the normal epidermis 
of an embryo on the 17th day of development. II) 48 hours after administration. a) Hypertrophic epidermis in 
the region of the injury. Stained by eosin-azure. Objective 20. Ocular 7; b) contrast autoradiograph of the 
hypertrophic epidermis. Methionine, labeled with ss injected 48 hours before fixation. Objective 20. Ocular 
7; c) contrast autoradiograph of the normal epidermis of an embryo on the 18th day of development. 


(continued) 


I 

d b c 
Il 

a b c 


a 


Fig. 2. Changes in the epidermis in the region of administration of extract of naphthalan oil (continued). 

Ill) 72 hours after administration. 4) Hypertrophic epidermis in the region of the injury. Stained by Heiden- 
hain's hematoxylin. Objective 90. Ocular 7; b) tracer autoradiograph of the hypertrophic epidermis. Stained 
by eosin-azure. Methionine, labeled with s* injected 4 hours before fixation. Objective 90. Ocular 7; c) 
tracer autoradiograph of the normal epidermis of an embryo on the 19th day of development. Methionine, la- 
beled with 5 injected 4 hours before fixation. Objective 90. Ocular 7; d) contrast autoradiograph of the 
normal epidermis of an embryo on the 19th day of development. 


A study of the intensity of incorporation of radiosulfur in the different layers of the traumatized epithelium 
in the course of the first 48 hours after injection of the oil provided a much clearer explanation of the morpholo- 
gical findings. 


The results of the track counts on serial autoradiographs are shown in the form of the appropriate numbers 
on the microphotographs of the contrast autoradiographs (Fig. 2, Ib, and IIb). Each of thenumbers given indicates 
the relative amount of incorporated radiosulfur as a percentage of its amount in the corresponding layer of the 
normal epidermis. 


Analysis of these results shows that the greatest changes in the intensity of incorporation of radiosulfur, both 
as regards amount taken up and area of distribution, were observed in the superficial layer of the injured epider- 
mis. 24 hours after operation (Fig. 2, Ib),the intensity of incorporation of radiosulfur was 80% above normal in 
the central areas and 30% above normal in the peripheral areas of the traumatized area, and after 48 hours (Fig. 
2, IIb) — 50 and 25% above the level of accumulation of radiosulfur in the superficial cells of the normal epi- 
dermis. 


At the end of the second day after injection of the irritant, there was a sharp fall im the power of the super- 
ficial cells of the directly injured epidermis to accumulate radiosulfur (80% below normal when methionine was 
given 4 hours before fixation of the material). In the superficial cells of the peripheral areas of the hypetrophied 
epidermis,the intensity of incorporation of radiosulfur at the end of the second day was still 25% above normal. 


In spite of the considerable increase in the number of cells in the stratum spinosum of the traumatized epi- 
dermis, the increase in the intensity of incorporation of radiosulfur in these cells was very slight and was con- 
fined to the area directly adjoining the foreign body. For instance, 24 hours after operation (Fig. 2, Ib) the take- 
up was increased by 40%, and after 48 hours (Fig. 2, IIb) by 20%. Only at the end of the second day was an in- 
crease observed in the incorporation of radiosulfur in the prickle-cells of the peripheral areas of the hypertrophied 
epidermis (25% above normal when methionine was given 4 hours before fixation of the material). 


In the course of the third day after operation,the changes described above in the superficial layer usualiy 
came to an end, and processes of differentiation of the cells of the injured epidermis into succeeding generations 
came into the foreground. In typical cases,a layer of normal granular cells was formed here (Fig.2, IIa) and the 
injured epidermis of the embryo on the 20th day of development became similar in structure to the epidermis of 
embryos on the 21st day of development. 
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An autoradiographic examination of the changes in the traumatized epidermis at this stage revealed that 
(Fig. 2, IIb), when methionine was given 4 hours before fixation, the take-up of radiosulfur by the prickle cells 
was observed to increase by 50% in the center of the traumatized area and by 30% in the peripheral portion. 


A similar relationship was found in the intensity of incorporation of radiosulfur by the uppermost prickle 
cells preparing to undergo keratinization, when methionine was given 24 hours before fixation (40% above 
normal). This intensification of the metabolism of sulfur-containing proteins in the prickle cells of the injured 
epidermis agreed with the morphological findings and was characteristic of an intensively keratinizing epithelium. 


It follows from a comparison of the morphological and autoradiographic findings that the reactive changes 
in the epidermis in the period under review were connected with a considerable increase in the volume of cellular 
material in the traumatized area and with fundamental changes in the morphological and biochemical differenti - 
ation of the superficial layer of the epidermis. Under these circumstances, there was not only an acceleration of 
the process of keratinization,but an increase in its intensity on account of the larger number of cells taking part 
in the process. 


The increase of 50-80% above normal in the incorporation of s**, observed in the traumatized epidermis, 
cannot,evidently, be regarded as an indication of the abnormal intracellular metabolism of sulfur-containing pro- 
teins. 


When these results are analyzed,it has to be remembered that,in the course of the normal histogenesis of 
the epithelium an increase in the incorporation of radiosulfur takes place on the 19th-21st day, especially in the 
prickle cell and superficial layers. 


The traumatized area of the epidermis corresponded in its structure to the epidermis of later embryos which 
had not been exposed to the action of an irritant and advanced the development of the epidermis by two or 
three days. For this reason,the increased level of metabolism of sulfur-containing proteins which was found in 
the traumatized epidermis could largely be attributed to the acceleration of its biochemical differentiation. 


Comparison of all the findings shows that certain general relationships lie at the basis of the normal histo- 
genesis and the reactive changes in the embryonic epidermis. Infliction of trauma,in the main,merely accele- 
rates its normal morphological and biochemical differentiation. 


In the course of development of the reactive process, there is,first and foremost,a speeding up of the dif- 
ferentiation of the superficial cells. The biochemical differentiation of the prickle cells in the traumatized epi- 
dermis becomes apparent later. 


The character of the keratinization of these cells is identical with that of the epidermis at later stages of 
histogenesis, differing from it only by the slightly greater number of cells taking part in the process of keratiniza- 
tion and by the more rapid conversion of granular cells into keratin scales. 


SUMMARY 


Experiments were performed on rat's fetuses from the 17th to the 20th day of their development. The au- 
thor studied the normal histogenesis and reactive changes occurring in the epidermis by injection of an extract 
of naphthalan oil into it. 


Morphological observations were compared with the study of the intensity of s®* incorporation during the 
course of normal histogenesis and development of the reactive process in the epithelium. 


The comparison of morphological and autoradiographical data demonstrated a conformity between the 
initial stage of the keratinization of the stratum and a selective increase of the intensity of s** incorporation in 
the keratinizing cells and those which are preparatory to keratinization. An analogous regularity has been reveal - 
ed, experimentally,in artificial stimulation of processes of keratinizationin the epidermis. The increase of a: 
incorporation intensity in the traumatized epithelium does not exceed the level of its accumulation by the 
normal epidermis of the more mature embryos. A suggestion is made that normal histogenesis and reactive chan- 
ges of the embryonic epithelum are based on general regularities. 
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A HISTOCHEMICAL STUDY OF CERTAIN PERIODIC 
ACID-SCHIFF-POSITIVE SUBSTANCES IN THE MACROPHAGES 
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(Received July 25, 1958. Presented by Active Member AMN SSSR V. N. 
Chernigovskii) 


The existence of a phagocytic function in macrophages is evidently due to specific biochemical processes 
occurring in them. For this reason, the results of histochemical examination might effectively supplement the 
morphological interpretation of the tissue changes which, appearing in response to different stimuli, including 
those of bacterial origin, are revealed in the form of a macrophage reaction. 


It would be of interest to explain which of the histochemical characteristics are specific for certain forms 
of macrophage and which are common to the macrophages of all the tissues. Of particular interest,here,is the 
study of the polysaccharides (PAS-positive substances) found in the cytoplasm of the macrophages. The problem 
of the nature and origin of these substances, and whether they are identical in macrophages of different origin 
and function, has not yet been solved. It has acquired particular urgency in connection with the fact that the 
polysaccharides, detected by the PAS reaction, may play an important part in the energy metabolism of the cell 
and may also act as carriers of antigenic specificity, for macrophages are of obvious importance in the processes 
of immunogenesis [5]. 


In the present work,our objects were as follows: 1) to discover whether, in fact, the PAS-positive substances 
of the macrophages (other then glycogen) are substances of a polysaccharide nature, and how they are connected 
with lipids which, under certain conditions, may also give a PAS reaction; and 2) to determine whether the PAS- 
positive substances in macrophages of different origin and function are identical,histochemically. 


The material used in the investigation was: 1) macrophages of the "foreign body cell” type, appearing in 
response to the subcutaneous introduction (transplantation) of finely cut adipose tissue; 2) macrophages formed in 
the kidneys under experimental conditions (ligation of vessels) [5], and 3) the macrophages of the lymphoid fol- 
licles of the appendix [4, 5]. 


EXPERIMENTAL METHOD 


The investigation was carried out on rabbits. The material was fixed by Shabadash's method. The main 
histochemical technique to be used was the Schiff periodic acid reaction for polysaccharides. The PAS reaction, 
however, is not strictly specific; in certain conditions,it may be given by certain substances other than polysac- 
charides, in particular by lipids [2]. A possible method of control,in cases when the substance tested could not 
be broken down by enzymes,was by the acetylation and deacetylation reaction [8]. This is based on the fact that 
by acetylation with acetic anhydride mixed with amidopyrine, blockage of 1-2 glycol groups takes place, there- 
by leading to loss of the powerto be oxidized by periodic acid and, hence, to react with Schiff's reagent. Sub- 
sequent deacetylation with a 0.1 N solution of KOH restores this power to the plysaccharides but not to substances 
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of another chemical nature. Thus,substances which give a positive PAS reaction, lose this power after acetylation 
and reacquire it as a result of deacetylation are, in fact, polysaccharides. We also employed staining with Sudan 
black after embedding the tissue in paraffin wax, and a combination of staining with Sudan black and the PAS 
reaction,in order to show the relative situation of lipids and PAS-positive substances. Preparations were treated 
with salivary amylase and with hyaluronidase, and also were stained with a 0.1% aqueous solution of toluidine 
blue for metachromasia. 


EXPERIMENTAL RESULTS 


Transplantate macrophages. On the 12-15th day, the formation of a considerable number of polymorphic 
macrophages was observed in the tiansplantates, and among them were encountered mononuclear forms, cells with 
2-3 nuclei and multinuclear symplasts. The cytoplasm of the mononuclear macrophages contained PAS-positive 
substances in the form of fine granules or foam, distributed diffusely throughout the cell (Fig. 1.a). In some 
cases ,the PAS-positive material appeared as fine, but nevertheless readily distinguished, round granules. Some 
macrophages contained no more than the general basic amount of PAS-positive material. 


Acetylation completely inhibited the PAS reaction, but saponification with 0.1 N KOH solution led to full 
restoration of the power of the protoplasmic elements to give a positive PAS reaction. Saliva and hyaluronidase 
did not destroy the PAS-positive material. Sudan black stained the individual granules and irregular clumps in 
the cytoplasm an intensive black color. The almost complete absence of sudanophilic components from the 
cytoplasm of the mononuclear macrophages was conspicuous. The relative arrangement of sudanophilic and PAS- 
positive components in the cytoplasm of the mononuclear macrophages differed in individual cells. Not all macro- 
phages giving a PAS reaction contained sudanophilic material. If it was present, it was in the form of more or 
less irregular granules and droplets, partly merged into clumps, against a background of clots of PAS-positive 
material. 


The multinuclear macrophages were symplasts with more than 5-8 nuclei. The nuclei were most often 
situated at the periphery, in the form of chains. Many macrophages contained vacuoles of various sizes. The 
PAS-positive material was arranged unevenly in the form of fine granules and formed clots, but more often was 
spread diffusely throughout the cytoplasm (Fig. 1, b). Acetylation completely inhibited the reaction, but dea- 


cetylation completely restored,to the cytoplasmic elements,their power of giving a positive PAS-reaction. Saliva 
and hyalufonidase did not destroy the PAS-positive material nor change its morphology. Staining with Sudan 
black revealed sudanophilic components in the form of granules andloose agglomerations in different parts of the 
cytoplasm (Fig. 1, c). The distribution of sudanophilic and PAS-positive material in the cytoplasm of the sym- 
plasts,as shown by combined staining with Sudan black and Schiff's periodic acid,differed in the different ma- 
crophages. Some cells poor in PAS-positive substances contained a fair amount of sudanophilic material, and 
vice versa. However, PAS-positive substances were invariably predominant. Some macrophages had both types 
of component at the same time. Under these circumstances,black granules were clearly distinguished against 

the background of clots of PAS-positive material or were distributed around the periphery (Fig. 1, d). 


Thus,in the macrophages of the foreign body cell type,a considerable amount of polysaccharides was ob- 
served, being distributed diffusely throughout the cytoplasm in the form of small granules and in places forming 
more compact masses. Lipoid substances were encountered in far smaller amounts, in the form of droplets and 
granules against a background of clots of polysaccharide. 


Macrophages in the kidney after ligation of vessels. On the 15-20th day after ligation of the renal vessels 
in a rabbit, intensive formation of macrophages was observed in the adipose tissue situated near the pelvis. These 
macrophages consisted of mononuclear cells and multinuclear symplasts. In the latter, the nuclei were often 
arranged in the form of a horseshoe around the periphery of the cytoplasm, in which there were vacuoles of 
various sizes. The cytoplasm was filled with small granules of PAS-positive material (Fig. 2, a). Large PAS- 
positive granules, unevenly distributed in the cytoplasm, were also found. The PAS-positive material was not 
destroyed by salivary amylase nor hyaluronidase. Acetylation removed and saponification with weak alkaline 
solution restored the power of the cytoplasmic elements of the macrophages to give a positive PAS reaction. 
Sudan black stained numerous,more or less,compact formations in the cytoplasm of the macrophages. In this 
way,reticular or thread-like structures, rings, bands (possibly a Golgi zone; Fig. 2, b) were revealed. On combined 
staining with Schiff's periodic acid and Sudan black, large and small granules and droplets of sudanophilic ma- 
terial were situated mainly in places where there were clots of PAS-positive substance in the cytoplasm. The 
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recticular and thread-like structures, which stained 
a deep black with Sudan black, at the same time 
were PAS-negative (Fig. 2, c). 


The cytoplasm of these macrophages was thus 
seen to contain polysaccharide in the form of diffuse- 
ly distributed small granules, and also as compact 
and coarse aggregations, giving an intensive PAS 
reaction. The lipids formed reticular structures not 
shown up by the polysaccharide stains; numerous 
sudanophilic droplets were, however, situated in those 


areas where there were also accumulations of PAS- 


> ositive substance. 
P 


Macrophages from the lymphoid follicles of 
the appendix. In the appendix of normal rabbits, _ 
macrophages containing PAS-positive material were 
distributed in the upper parts of the lymphoid folli- 
cles in the form of isolated cells, and in the lower 
parts as accumulations of cells, forming centers of 
proliferation. 


In the upper parts of the follicles,the PAS re- 
action in the macrophages was dependent on the 
presence, in their cytoplasm,of a large number of 
phagocytosed microorganisms (Fig. 3,a), which con- 
tinually penetrate the intestinal wall from its lumen 
and givea strongly positive reaction for polysaccharide, 
Various stages of phagocytosis were seen, with diges- 
tion of the microorganisms and liberation of polysac- 
charides (Fig. 3 a, b). Under these circumstances, 
polysaccharide, mainly formed as a result of intra- 
cellular digestion of microorganisms, was deposited 
in the reticular cells of the centers of proliferation in 
the lower parts of the follicles; isolated remnants of 
dead microorganisms could also be seen there. 


Fig. 1. Transplantation of finely cut adipose 
tissue (15 days). a) Mononuclear macrophage. 
PAS-positive substance in the form of granules. 
Schiff's periodic acid-hematoxylin; b) multi- 
nuclear macrophage. PAS-positive substance 
in the form of granules in the center of the 
symplast. Schiff's periodic acid-hematoxylin; 
c) multinuclear macrophage. Droplets of lipid. 
Sudan black; d) multinuclear macropliage. 
Droplets of lipid against a background of PAS- 
positive substance. Schiff's periodic acid- Sudan 
Black. 


In the centers of proliferation was also found a brown pigment, usually seen in lymphatic glands and bear- 
ing no relation to the products of phagocytosis of microorganisms. After acetylation, the PAS-positive substance 
of the microorganisms and of the accumulations in the centers of proliferation, like that of the remnants of dead 
microorganisms, lost its power of staining, to be restored after deacetylation. Amylase and hyaluronidase had no 
effect on staining with Schiff's periodic acid. 


By staining for metachromasia, it was possible to show clearly the difference between the mucin of the 
mucosal cells of the intestinal epithelium, which gave metachromatic staining, and the polysaccharide of the 
microorganisms and of the centers of proliferation, which did not. Sudan black stained the large droplets in the 
individual macrophages of the centers of proliferation, which usually corresponded to the sites of distribution of 
the pigment (Fig. 3, c). The microorganisms and polysaccharides of bacterial origin did not stain with Sudan 
black. Staining with Sudan black at the same time as with Schiff's periodic acid confirmed this picture (Fig. 3, 
d). 


Thus,in tiie appendix, the PAS-positive substances of microorganisms and the products of their phagocytosis, 
which were deposited in the macrophages of the centers of proliferation of the lymphoid follicles, were polysac- 
charides, These polysaccharides differed from the mucus of the goblet-cells and did not stain with Sudan black. 


It may be generally stated that,in all the cases chosen, the bulk of the PAS-positive material found in the 
cytoplasm of the macrophages was polysaccharide. This was shown by the complete absence of staining in the 
experiment when the PAS reaction was followed by acetylation, and its restoration after gentle saponification 
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Fig. 2. Macrophages from the kidney (20 days Fig. 3. Macrophages of the appendix of the 
after ligation of tue vessels). a) Multinuclear normal rabbit. a,b) Successive stages of pha- 
macrophage. PAS-positive substance in the gocytosis and digestion of microorganisms. 
center of the symplast. Schiff's periodic acid - Schiff's periodic acid - hematoxylin; c) lipids 
hematoyxylin; b) multinuclear macrophage. in the reticular cells of the centers of pro- 
Lipids in the form of a reticular structure. liferation of the lymphoid follicles of the ap- 


Sudan black; c) multinuclear macrophage li - pendix of the normal rabbit. Sudan black; d) 

pids against a background of PAS-positive sub- droplets of lipid among PAS-positive substance 

stance. Schiff's periodic acid - Sudan black. and remains of microorganisms in the re - 
ticular cells of the centers of proliferation in 
the appendix of the normal rabbit. Schiff's 
periodic acid - Sudan black. 


with 0.1 N KOH. This polysaccharide was neither glycogen nor hyaluronic acid, as shown by the negative re- 
sults of preliminary treatment with the corresponding enzymes. The macrophages may contain, at the same,sub- 
stances of lipoid nature, whose relationship to the PAS-positive material may vary in different cases. Presumably &! 
macrophages may contain individually PAS-positive substances, i.e., polysaccharides, and individually sudan- 
ophilic components, i. e. lipids. In macrophages which differ from each other in respect of their origin and 
function, these substances may also differ in origin, and they must be identified histochemically in each parti- 
cular case, 


SUMMARY 


The author conducted a comparative histochemical study of different types of macrophages appearing in 
normal and experimental conditions. Substances of polysaccharide and lipoidal origin formed in the macropha- 
ges as a result of the transformation of phagocytized material (including microbes) may be present in the macro- 
phages, differing in genesis and function. These substances may be and are to be differentiated from each other 
and from the polysaccharides of the cytoplasm proper of the macrophages. 
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MORPHOLOGY AND PATHOMORPHOLOGY 


THE FUNCTIONAL MORPHOLOGY OF THE AFFERENT SYSTEMS OF 
THE SPLANCHNIC NERVES 


M. B. Shtark 


From the Department of Normal Anatomy (Head — Prof. 1.1. Kositsyn) 
of the Perm Medical Institute 


(Received July 27, 1957. Presented by Active Member AMN SSSR V.N. 
Chernigovskii) 


Because of their particular importance in the innervation of the organs of the abdominal cavity, the splanch- 
nic nerves have in the past attracted the attention of many workers [1, 2, 3,9,11]. The participation of the 
splanchnic nerves in the conduction of afferent impulses from the internal organs during pathological conditions 
(cholecystitis, intestinal obstruction, inflammation of the uterine adnexa, enteritis) is undoubtedly great. 


The functional activity of the afferent systems of the splanchnic nerves is taken into consideration when a 
number of clinical procedures are carried out: division of the splanchnic nerves in hypertension [8, 10, 15], splanch- 
nic nerve block (5, 14), anesthesia in the course of operations [13]. 


In 1867, Asp [12], when stimulating the central segment of the divided splanchnic nerve, observed a con- 
siderable rise in the arterial pressure. Similar results were obtained by V.I. Rozhanskii [7], who accounted for them 
by the presence of a considerable number of sensory fibers — processes of the cells of the spinal ganglia — in the 
composition of the splanchnic nerves. This explanation was subsequently confirmed morphologically [16]. 


Until recently, no proof has been forthcoming of the presence of afferent fibers of sympathetic origin in the 
splanchnic nerves, although their existence has been claimed by some workers [1]. 


The study of these fibers and of their sources of origin was the aim of our present research, which was com- 
posed of morphological and physiological experiments. 
EXPERIMENTAL METHOD 
We carried out two series of investigations. 


In the first series,the presence of afferent fibers of sympathetic type and the sources of their origin were 
determined by means of the method of secondary degeneration. 


The technique of the experiment was as follows: the operation of resection of the small intestine and re- 
moval of the ganglia of the solar plexus and the gall bladder was performed on 25 cats. 


The small intestine was resected from the duodenum to the ileocecal junction under pentothal sodium 
anesthesia. Not more than 30-40 cm of intestine was resected, and its continuity was subsequently restored by 
end-to-end anastomosis. The animals were killed after 12-96 hours by the air embolism method. 


Neurohistological examination of thesplanchnic nerves was carried out by the original Bielschowsky method 
and by Campos's modification of this method. 


*A paper presented to the First Belorussian Conference of Anatomists, Histologists, Embryologists and Topogra- 
phical Anatomists on June 14, 1957,in Minsk. 
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The second series of investigations was performed in 12 cats in order to confirm the presence in the splanch- 
nic nerves of afferent fibers which preserved their function after exclusion of the sensory fibers of spinal origin. 


The experimental technique was as follows: the splanchnic nerve was divided below the diaphragm. From 
17 to 27 days after operation, the animalswere placed in a screened room. The peripheral end of the divided 
splanchnic nerve was placed on platinum electrodes. The action potentials were recorded by means of a loop 
oscillograph type MPO-2, with a 4-channel balanced amplifier with symmetrical input. The sensitivity of the 
apparatus was 5 microvolts/ mm deviation of the beam of light; the frequency characteristics of the amplifier 
remained linear between limits of 3 and 3000 cps (loop IV). 


EXPERIMENTAL RESULTS 


In the first series of experiments,the phenomenon of secondary degeneration of the afferent sympathetic 
fibers in the composition of the splanchnic nerves was noted in all cases: varicose changes in the axons, vacuo- 
lation of the axoplasm and fragmentation of the axis cylinders (Fig. 1). 


After resection of the small intestine,the most intensive changes of the secondary degeneration type were 
detected, after removal of its middle portion, in the splanchnic nerves on both sides. 


_ The secondary degeneration observed in the 


nonmedullated and fine medullated fibers in the 


o 3 composition of the splanchnic nerves after these 
“Gg operations must be regarded as the result of their 

“a severance from their trophic centers — the receptor 
. neurones (Dogiel's type II cells [4]) situated in the 


intramural plexuses of the extirpated organs. 


The degeneration of the afferent fibers in the 
composition of the splanchnic nerves after removal 
of the ganglia of the solar plexus could be explain- 
ed in two ways:either they are “transit” fibers, 
passing through the extirpated semilunar ganglia, 
or they are processes of Dogiel's type II cells situat- 
ed within these ganglia. The existence of these cells 
has been confirmed very recently by V.I. Pilipenko 


[6]. 


In the second series of experiments, during 
registration of the activity of the peripheral end of 
the splanchnic nerve from 17 to 27 days after divi- 
sion, the following could be observed: the initial 
background was characterized by asynchronous 
groups of single and fused impulses. Comparison of 
these recordings with a graphic representation of the 
activity of a control nerve demonstrated the con- 
siderable difference in their electrophysiological 
characteristics (Fig. 2). The frequency of the single 
impulses was 5-12 cps and that of the grouped im- 
pulses 60-80 cps, their amplitude being from 10 to 
60 microvolts (in the case of the bursts of fused im- 
pulses). 


Fig. 1. Secondary degeneration of the afferent 
fibers in the composition of the splanchnic nerve, 
72 hours after resection of the small intestine. 
Bielschowsky's method. Ocular 5x, objective 
90x. 


Since the appearance of “background” potentials was not associated with any form of outside influence on 
the animal, it is obvious that these potentials were due to the physiological activity of the corresponding recep- 
tors. 


At the times mentioned (17-27 days), the peripheral end of the divided splanchnic nerve was investigated 
by the Campos impregnation method and by Gomori's method for demonstrating the acid phosphomonoesterase 
activity. These investigations confirmed the presence of intact fibers in the composition of the “long-surviving” 
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Fig. 2. Electrical activity of the peripheral end 
of the divided splanchnic nerve. a) Before di- 
vision of the splanchnic nerve; b) 27 days after 
division of the nerve. 


Fig. 3. Intact fibers in the peripheral segment 
of the splanchnic nerve 24 hours after its divi- 
sion. Bielsclhowsky-Campos method. Ocular 
7x, objective 40x. 


segment of the splanchnic nerve, the axons of 
which preserved a comparatively high degree of 
enzymic activity. The impregnation method of 
Campos revealed intact nonmedullated and fine 
medullated fibers in the composition of the peri- 
pheral end of the divided splanchnic nerve (Fig. 
3). 


The intact fibers described under these ex- 
perimental conditions evidently did not lose their 
connection with their trophic center, and further 
physiological observations confirmed the relation- 
ship between the electrical activity of these fi- 
bers and the fuactional state of the corresponding 
organ. 


In animals,selected for the experiment in a 
fasting condition, single impulses and slow waves 
of low amplitude were observed; in satiated ani - 
mals, the number of grouped impulses rose parallel 
with their amplitude and frequency. 


The introduction of a 1:2000 solution of 
carbachol into the lumen of the bowel and the ap- 
plication of cotton-wool soaked in warm Ringer's 
solution to the serous membrane of the intestine 
caused the appearance of large impulses, grouped 
and fused in character, with an amplitude of up to 
60 microvolts. 


Application of cotton wool soaked in cold 
Ringer's solution (T = 8°) to the serous membrane of 
the intestine led to a fall in the amplitude of the 
impulses. 


Introduction of air and warm Ringer's solution 
into the cavity of the gall bladder led to the ap- 
pearance of intensive grouped impulses, which de- 
creased to a minimum 2-4 minutes after a sub- 
epineurial novocain block of the peripheral end of 
the divided splanchnic nerve. 


SUMMARY 


The morphology, the sources of formation 


and the functional characteristics of the affereat sympathetic fibers of the splanchnic nerves were studied. 


The removal of the gall bladder and of the small intestine, as well as of the semilunar ganglia of the solar 
plexus was associated with a secondary degeneration of the amyelinated and thin myelinated conductors contained 
in the splanchnic nerves. This fact shows that they pertain to the neurites of the receptor neurons (II type Dogiel'’s 
cells) located in the plexuses within the walls of the corresponding organs. 


The electrophysiological and the histochemical study of these neurites was studied after the exclusion of 
all the spinal afferent fibers of the splanchnic nerves. The preservation of their morphology, function and the 
enzymatic activity in the peripheral portion of the splanchnic nerve in 21-27 days after its section was demons- 
trated. Their physiological characteristics are determined by the functional state of the corresponding organ. 
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MORPHOLOGICAL CHANGES IN THE BRAIN OF THE CAT AS THE 
RESULT OF ACUTE CLOSED INJURY TO THE SKULL 
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Polenov Leningrad Research Neurosurgical Institute (Director — Active Member 
AMN SSSR V. N. Shamov) 


(Received March 22, 1957. Presented by Active Member AMN SSSR V.N. Shamov) 


The study of closed injuries of the skull and brain goes back many centuries but many aspects of this im- 
portant subject still remain debatable and undecided. This applies, above all,to the explanation of the degree 
and character of the morphological changes in the brain. The development of the morphological changes as 
well as their pathogenesis have received little study. Some workers [1, 3, 9] believe that,in closed trauma, 
changes in the nerve cells occur primarily. Others (8, 11] regard disorders of the circulation as primary and the 
cell changes as secondary, developing after several hours [10] or even days [2] following injury. The situation 
of the major lesions is unexplained. A.L. Fisanovich [6] points out that in injuries of the convex surface of the 
skull, the morphological changes are shown most severely at the site of the blow. According to L.I, Smirnova 
[4] and P.E. Snesarev [5], severe changes are found in the brainstem, There are also differences of opinion 
about the origin of the hemorrhages. B.I. Sharapov [7] believes the appearance of these to be due to rupture and 
stretching of the vessel walls, whereas L.I. Smirnov and P.E. Snesarev [4, 5] confer the leading role on diapedesis. 


The conflicting nature of the available experimental evidence impelled us to study the character and the 
course of the morphological changes in the brain after closed injury to the skull. 


EXPERIMENTAL METHOD 


Experiments were carried out on 32 healthy cats weighing from 1900 to 4100 g. A closed injury to the 
skull and brain of constant magnitude was inflicted on 22 animals by means of a 1 kg weight, falling through a 
tube of diameter 7 cm from a height of 2m. The area of the blow was 2x 2cm. The injury was localized to 
the right frontoparietal region. Ten cats acted as controls. Of the 22 animals, three, weighing less than 2 kg 
died immediately from the injury. The animals weighing more than 2 kg survived. The cats were killed by air 
emboilism after 24 hous and 2, 3, 5, 8,12, 15, 18, 21 and 45 days. Autopsy of the animals was performed im- 
mediately after death. The brain was fixed in 10% formalin. Histological examinations were made of the 
frontal segments of the brain, together with the subcortical ganglia, the brainstem and the cerebellum. Part of 
the material was taken through celloidin, and the rest cut into sections on the freezing microtome. Sections 
were stained with the routine examination methods (hematoxylin-eosin, Van Gieson) and various neurohistological 
and special methods (Nissl's, Spielmeyer's, Gol’ tser's, Hortega's, Aleksandrovskaya's modification of Miagawa's 
method, Cajal's gold-mercuric chloride method, Mallory’s method and Sudan HI). 


EXPERIMENTAL RESULTS 


Immediately after injury, the cats showed transient immobility, accompanied by a lowering of muscle 
tone and failure to react to painful stimulation. In some cases,spasms of the limbs occurred, with tachycardia, 
slowing of the respiration, dilatation of the pupil on the side of injury, lacrimation, hemiparesis on the side op- 
posite the injury and involuntary micturition. These signs disappeared in the course of the first three days, and 
the animals outwardly appeared healthy. 
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Fig. 1. Changes in the nerve cells in the deep layers of the cortex 24 
hours after injury. Vacuolation, chromatolysis, ”ceil-shadows" and soli- 


tary pyknomorphic cells. Microphotograph. Objective 40, ocular 10. 
Stained with thionine. 


Fig. 2. Hemorrhages in the substance of the pons variolii on the 21st day 


after injury. Microphotograph. Objective 40, ocular 10. Spielmeyer's 
stain. 


In the cats which were subjected to trauma and killed at different times during the experiment, no macro- 
scopic changes were found in the substance of the brain. On histological examination at various times during the 
experiment, however, considerable micorscopic abnormalities were seen. 


An even hyperemia of the pia mater and the brain substance was cbserved 24 hours after injury. In the 
basal areas of the pons variolii and the medulla oblongata,small hemorrhages were observed near the vessels. 
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Fig. 3. Signs of fibrous gliosis in the subependymal layer of the aqueduct of 
Sylvius on the 45th day after injury. Microphotograph. Objective 40, ocular 
10. Gol'tser's stain. 


The white matter of the cerebral hemispheres, thebrainstemand the cerebellum were edematous and permeated 
by round and fairly large vacuoles, displacing the nerve fibers. In areas containing cells of the fascicular oligo- 
dendroglia, the dematous changes were expressed as the formation of a zone of translucency aroung the “drainage” 
cells. In the cerebral cortex, individual nerve cells and groups underwent pyknomorphic changes (shrinking of 

the nucleus and protoplasm, diffuse staining with thionine). Starting with the third layer of cortical cells, hydro- 


pic changes were predominant, in the form of vacuolation of the protoplasm and signs of chromatolysis of the 
Niss] substance, with conversion of individual cells into "shadows" (Fig. 1). Signs of neuronophagia were observed 
aroung the affected cells. 


In the subcortical ganglia, the brainstem and the cerebellum the changes in the nerve cells were much 
more strongly expressed. The macro- and microglial cells were not particularly affected. No essential difference 
between the right and left cerebral hemispheres, from the point of view of circulatory distrubances or cell changes, 
could be observed. 


At later periods in the experiment, on the 2nd, 3rd and 5th days, disturbances of the circulation in the form 
of hyperemia of the vessels of the brain substance with hemorrhages around them, signs of edema and changes in 
the cells(vacuolation, chromatolysis, ischemic changes) continued to dominate the histological picture, reaching 
their maximum on the 8th day. On the 12-18th day after injury, the character of the changes in the nerve cells 
of the cerebral cortex, the subcortical ganglia, the nuclei of the brainstem and the cerebellum remained as be- 
fore, but the degree of intensity of the cell changes, like the circulatory disturbances and signs of edema of the 
brain substance, was diminished. At the same time there was increased hyperplasia of the macroglial cells, with 
growth of the marginal layer of glial fibers and also of the layer of fibers beneath the ependyma of the ventricles 
and the aqueduct of Sylvius. 


On the 21st day after injury,circulatory distrubances were present in the form of slight hyperemia of the 
brain substance and the membranes, with solitary, small hemorrhages (Fig. 2). The edema of the white matter 
persisted, although to a much less degree than in the preceding times of the experiment. Hydropic changes in 
the nerve cells of the cortex, subcortical ganglia, brainstem nuclei and cerebellum,at this time,took the form 
of slight vacuolation. Less commonly cells were found in a state of chromatolysis and “shadow” conversion. As 
before, signs of neuronophagia were observed. Side by side with the diminution of the pathological disturbances 
in the brain, especially the destructive changes in the nerve cells, the reactive gliosis perceptibly progressed: the 
hyperplasia of the macroglial cells was accompanied by the development of marginal and subependymal gliosis. 
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The macroglial cells became hypertrophied. 45 days after injury the circulatory disturbances in the brain dis- 
appeared and the ischemic changes in the nerve cells were also absent. Edema of the white matter, at this period, 
was very slight. Only solitary nerve cells of the subcortical ganglia, brainstem nuclei and cerebellum were af- 
fected by hydropic changes,signs of chromatolysis of the Nissl's granules and conversion of the cells into “shadows”. 
Signs of neuronophagia still remained fairly pronounced in the subcortical ganglia. By comparison with the 21st 
day of the experiment,there was a perceptible increase in the signs of marginal and subependymal gliosis (Fig. 3), 
due to hyperplasia of the astrocytic glia. 


At autopsy of the cats which died at the time of injury, a fracture of the base of the skull with massive 
hemorrhages in the basal areas of the brain( brainstem, base of the temporal lobes) were found. On both naked- 
eye and microscopic examination of the brain, no signs of pulping of the brain substance were found. On the 
convex surface of the cerebral hemispheres, in the cortex near to the vessels were solitary small hemorrhages. In 
the subcortical ganglia and the cerebellum,these were found somewhat more often, and in the brainstem, they 
were far more numerous, while in the basal areas,they acquired a confluent and massive character. 


Thus,in the cats with fatal injuries, as in animals killed at various times during the experiment, the greatest 
number of hemorrhages was observed not at the site of the blow but at the base of the brain. 


It is a noteworthy fact that the character of the changes in the brain was no different from that found in the 
course of our experiment, although the degree of both the circulatory and the edematous and degenerative (in the 
nerve cells) changes in the brain was very severe, corresponding roughly to that which we observed in cats killed 
on the 8th day after injury. 


SUMMARY 


Experiments were conducted on 32 healthy cats. Closed trauma of the cranium was inflicted in 22 of them, 
10 served as control, The animals were sacrificed at intervals ranging from 1 to 45 days. Investigations of the 
brain were conducted by various neurohistological methods. 


It has been established that following a closed trauma of the skull thecat's brain shows different pathomor- 
phological changes, disturbances of the blood and cerebrospinal fluid dynamics (hyperemia, stasis, hemorrhages, 
edema of the white matter) and degenerative-regressive changes in the nerve cells (hydropic, pyknomorphous, 
chromatolysis of Nissl's bodies, transformation of cells into “shadows"). 


These changes rise until the eighth day and then begin to decline. Simultaneously, a progressive reaction 
of the glia (hypertrophy of microglia, hyperplasia of macroglia) becomes apparent, resulting in the development 
of fibrous gliosis in the marginal and subependymal layers. 
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Verezhnikov) 


The precipitation reaction in gel, carried out in tubes, was introduced by Oudin [8, 9, 10], who showed that 
the number of rings of precipitate formed in agar and gelatin was equal to the number of antigen-antibody systems. 
Ouchterlony [7] and Elek [3] suggested a method of double diffusion in agar plates. Later, Oakley and Fulthorpe 
{6} used the principle of double diffusion in order to carry out the reaction in tubes. This method is essentially 
as follows: the antigen and antibody diffuse in a column of gel towards each other, and where they meet a preci- 
pitate is produced in the form of a ring. 


Different antigens, under the same conditions, possess different coefficients of diffusion, and they therefore 
meet their corrresponding antibodies at different levels of the column of gel. During the analysis of complex mix- 
tures of antigens, several rings of precipitate are formed in the gel. The level at which the antigen and antibody 
meet depends also on the relative concentration of antigens and antibodies. The intensity of the rings of precipi- 
tate in the gel depends on the absolute concentrations of antibodies (mainly) and antigens. 


The theory of this subject has been described in detail in several papers (5, 7,11, 12, 13 and others]. 


In our investigations of the tissue antigens of early embryos, we were confronted with the necessity of using 
very small quantities of antigenic material. The methods previously described required relatively large quantities 
of reagents (as much as 0.25 ml of serum and tissue extract per tube). We therefore devised a capillary method 
of carrying out the precipitation reaction in agar, requiring negligible quantities of serum and extracts. 


Independently of us, Preer [12] also suggested a method of carrying out the precipitation reaction in agar 
in small quantities. This method does, however, require larger volumes of reagents and is more difficult and 
complicated than our own. 


In performing the test,we used antigens from the crystalline lens and sera from the blood of a chick. 
Antisera against the antigens of the crystalline lens were prepared by immunization of three rabbits of the chin- 
chilla species — males weighing 2.5-3.0 kg — by the method put forward by P.N. Kosyakov [2]. Antisera against 
antigens of the chick's blood serum were obtained from the Institute of Forensic Medicine. The antisera were 
diluted with physiological saline in proportions of 1:4, 1:8 and 1:16. 


Antigens were prepared from the crystalline lens as follows: the lenses of chicks were freed from their cap- 
sules, ground up in a porcelain mortar and mixed with 9 volumes of physiological saline. The suspension was 
shaken up in an agitator for 2 hours and centrifuged at 3000 rpm for 20 minutes. The supernatant fluid (saline 
extract) was used as the original solution of crystalline lens antigens. As an original solution of serum antigens 
we used whole serum from chick's blood. The original solutions of antigens were diluted with physiological saline 
to 1:20, 1:50 and so on. 
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Fig. 1. Glass slide with capillary tubes whose ends are sealed 
with paraffin wax. 


The antisera against the crystalline lens antigens were highly specific; they gave a reaction in the ring 
precipitation test, when carried out in the usual manner [1], with extract of the crystalline lens diluted 1:20,000, 
but did not react with extracts of other organs. Antisera against the antigens from the blood serum reacted with 
serum of chick's blood diluted 1:10,000. 


The precipitation reaction in agar gel was performed as follows: a 1% solution of agar (washed free from 
contaminants) was prepared in physiological saline. To suppress the growth of microorganisms in the agar, 0.1% 
phenol was added*, The agar was autoclaved and stored (not longer than 7 days) at room temperature. Before 
carrying out the test, we heated the agar on a water bath and centrifuged it at 3000 rpm for 3 minutes to pre- 
cipitate the insoluble particles. The end of a capillary tube with an internal diameter of 0.6-0.8 mm and ex- 
ternal diameter of 0.7-0.9 mm (the capillary part of specially selected Pasteur pipettes) was immersed in the hot 
agar and a column of agar of a strictly determined length was taken. The column was moved so that it left a 
space of 15-20 mm at the end of the tube. The capillary tube containing the coagulated agar column was cut 
from the rest of the Pasteur pipette by means of a corundum disk. With a tuberculin syringe, connected by a rub- 
ber tube to another glass tube, drawn out into a capillary, a layer of antiserum was applied on the agar at one 
end, and a layer of antigen solution at the other (the height of each column of liquid was 4-8 mm). The cap- 
illary tubes of each series of experiments were placed on separate glass slides, and their ends were sealed with 
molten paraffin was (Fig.1). 


The slide with the capillary tubes was incubated 
at 37°,in the horizontal position. 


Great care was necessary when adding the layers 
of antiserum and the solutions of antigens to avoid the 
formation of bubbles. When bubbles formed at the 
boundary between the agar and liquid it was necessary 
to agitate the tube gently in order to raise the bubbles 
to the surface, when they could be pricked with the 
point of a hot needle. 


The first rings appeared after 2-48 hours, depend- 


Fig. 2. Rings of precipitate ing on the length of the column of agar and the concen- 

in a capillary tube(x 12) tration of antibodies and antigens. In short columns of 

and the corresponding curve agar (3-4 mm) and at high concentrations of antibodies Py: 
obtained by photometry. and antigens, the rings usually appea) zd early (after 2-4 aoe 


hours), but they were very close to each other, which 

made it difficult to distinguish them. Capillary tubes 
with agar columns 3-4 high were therefore suitable only for cases when there was no question of making a detailed 
analysis of the antigenic structure of the tissue extract under study, and it was only necessary to establish the pre- 
sence of very small quantities of the anitgen or antibodies which were being sought. Parallel experiments with 


* Preliminary experiments showed that phenol, in this concentration, only very slightly moves the pH of the solu- 
tion towards the acid side (pH = 6.4) and has no perceptible effect on the formation of rings of precipitate in agar. 
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the ring precipitation test and precipitation in 
agar in capillary tubes showed that the precipita- 
tion reaction in agar (using agar columns 3-4 mm 
high) was the more sensitive. 


For a detailed analysis of the antigenic 
structure of a tissue extract the optimum length 
of the agar column was 10-15 mm (with a dilu- 
tion of 1:8 of antisera and of the original crystal- 
line lens antigen solution 1:50, and serum antigen 
solution 1:500). Under these circumstances the 
rings of precipitate were formed later but were 
further apart from each other. The largest number 
of rings appeared,roughly, between the 14th and 
17th days. On later days,no new rings usually ap- 
peared and at the end of the period of observation 
(1 month) blurring and disappearance of some 
rings took place. With antigens from the crystal - 
line lens 7 rings were formed, and sometimes 
very weak 8th and 9th rings appeared. The use of 
saline extracts of the other organs of the chick 
(brain, liver, heart) as antigens, just as in the 
ring precipitation test, gave no precipitation 
rings with antisera against the antigens from the 
crystalline lens of the chick. 

Fig. 3. Curve obtained by photometry of a capillary 


Antisera against the blood serum antigens 
tube with 7 rings with a recording microphotometer. 


usually gave 9 rings with the antigens from the 
blood serum of the chick, the majority of them being separated by wide intervals along the whole length of the 
agar column. 


Many experiments were performed in order to discover if there was any difference between the formation 
of rings of precipitate in the capillary tubes and the formation of rings in larger tubes (with an internal diameter 
of 8 mm). Antigens and antibodies were used in different concentrations, and also columns of neutral agar of 
different lengths in the capillary tubes, and also by Oudin's method [11]. It was found that the formation of rings 
in the capillary tube method is no different from the formation of rings in test tubes. It was much easier, however, 
in the capillary tubes to identify the rings and to study their displacement because of the small diameter of the 
tube and the high translucency of the agar column. 


We identified the rings as a rule under the hand lens (x 9). This method did not, however, permit an ob- 
jective assessment to be made of the thickness and density of the rings of precipitate formed. In 1956 Glenn [4] 
proposed for this purpose an apparatus (SAMA) based on the use of a photron reflectometer. We constructed an 
apparatus along similar lines, but it did not enable us to differentiate rings of precipitate which were close to- 
gether. For determination of the density and the number of rings of precipitate in the capillary tubes, we there- 
fore used the optic system of a microscope (objective 8 x, ocular 10x), connected to a selenium photoelectric 
cell, amplifier and galvanometer (sensitivity 10-8 A), In the eyepiece of the microscope was inserted a diaphragm 
having an aperture 0.1-0.2 mm wide, which was directed perpendicular to the long axis of the capillary tube. 
The glass slide with the capillary tubes was placed on acruciform stage, and a strictly collimated and centered 
beam of light was passed through one of the capillary tubes (to prevent variations in the intensity of illumination, 
a voltage stabilizer was used). To avoid strong scatter of the light, the capillary tubes were mounted in im- 
mersion oil and a cover slip placed over them. When the stage was moved longitudinally it was possible to ob- 
serve simultaneously the galvanometer readings and the scale rule, used in constructing the curve. A fall in the 
reading of the galvanometer pointer corresponded to a zone of turbidity of the agar(a ring). As an illustration 
we give the curve obtained as a result of photometry of a capillary tube with 5 rings (Fig. 2). 


Clearer results were given by photometry of the capillary tubes by means of a recording microphotometer 
using the MF-4 system. As an illustration,we give the curve obtained by photometry of a capillary tube with 7 
rings with this apparatus (Fig.3). 
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The capillary tube method of performing the precipitation reaction in agar is thus technically simple and 
highly sensitive, and requires very small amounts of reagents (0.001-0.004 ml). This method enables the study 
of “turbid” antigens and even tissue suspensions and so dispenses with the need for centrifuging and filtration, 
which causes loss of material. Another essential advantage of the method is the possibility of objective evaluation 
of the results by using the optical system of a microscope, connected to a photoelectric cell and galvanometer, or 
by means of the MF-4 microphotometer. 
SUMMARY 


The authors developed a method of precipitation reaction in agar in capillaries with an internal diameter 
of 0.6-0.8 mm, This enables the use of very small amounts of reagents (0.001-0.004 ml). The following methods 
have been suggested for the objective evaluation of the number and the thickness of the precipitate rings: that of 
capillary photometry involving a microscope optic system linked with a photoelement, amplifier, galvanometer, 
and another one, with the aid of an MF-4 microphotometer. 
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A PLETHYSMOGRAPH FOR THE KIDNEY 


A. I. Khomazyuk and V. M. Viasyuk 


From the Division of Pathological Physiology (Head — Candidate Med. Sci. A.I. 
Khomazyuk) of the N.D. Strazhesko Ukrainian Research Institute of Clinical 
Medicine (Director — Prof. A. L. Mikhnev), Kiev 


(Received May 9, 1958. Presented by Active Member AMN SSSR V. V. Parin) 


In an acute analytical experimentit is often necessary to make a continuous recording of the renal cir- 
culation. In order to record the arterial inflow and the venous outflow by modern thermoelectrical methods, 
special conditions are required. Under these circumstances,some inconvenience is caused by the necessity of 
developing the photographic film and by the impossibility of constantly maintaining a direct watch on the re- 
cording, in order to synchronize it with the kymographic recording of other processes. In many investigations, it 
is, therefore, preferable to make use of renal plethysmography. However the plethysmographs known to us are 
cumbersome, and have low sensitivity and other disadvantages. 


The plethysmograph which we have constructed for the kidney, in contrast to existing models, consists not 
of double twin half-molds, drawn together by screws, but of single, somewhat kidney-shaped half— molds (Fig. 
1), made of brass and nickelplated. The dimensions of each half- mold for the dog's kidney are 85 x 50 x 22 mm. 


The working surfaces of the half-molds are covered with thin, elastic, heat-treated synthetic rubber of 
suitable shape* , The rubber is fixed along the edge of the mortise by a silk ligature. Before fixing the rubber, 
the mortice groove must be smeared with rubber glue. 


The "hilum" of the plethysmograph in each half-mold is composed of two semicircular notches (radius 4 
mm). Fixing the rubber with the ligature is achieved by means of miniature, pegs and a groove of the proper 
shape to apply the ligature around the "hilum". The half-molds are fixed together at one side with two mar- 
ginal hinges, and at the opposite side by means of a single lock which can easily be closed in the depth of the 
peritoneal cavity. The outlet tubes from each half of the mold are connected to a common channel by means 
of a three-way tube. 


Because of the very small dead space in the connecting tube system, the specially shaped thin elastic rub- 
ber enables the use of water transmission to be avoided. This considerably reduces the already small thermal 
capacity of the apparatus and also diminishes the chance of affecting the renal circulation through its tempera- 
ture and pressure. The very small dead space of the system permits the recordings to be made,in the majority 
of cases,by direct transmission from the plethysmograph to a Marey's capsule without a buffer capsule, as usually 
used with apparatus with a large dead space. The low pressure in the plethysmograph system, causing very lit- 
tle interference with the changes in the volume of the organ in response to changes in the circulation, and the 
small thermal capacity account for the excellent recording qualities of the apparatus. In Fig. 2 is shown the 
plethysmogram of a kidney record with the interposition of pneumatic transmission but without a buffer capsule, 
and shows its changes under the influence of adrenalin. 


“The plethysmograph was made by mechanic V, M. Vlasyuk. The rubber was prepared in the experimental de- 
partment of the "Krasnyi rezinshchik" factory. 
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Fig. 2. Experiment on a dog weighing 18 kg. Morphine — ether — oxygen anes - 
thesia. Significance of the curves (from above down): plethysmogram of the kid- 
ney, blood pressure in the femoral artery in mm of mercury, pressure in the pulmo- 
nary artery (catheterization) in mm of mercury, respiration, micturition, marker 
of the time of injection (0.2 mg adrenalin, intravenously), time marker (5 seconds). 


The plethysmograph may be used with either air or water transmission. The recordings may be made by 
means of a Marey's capsule or a water manometer. When synchronous recording is carried out of the arterial 
pressure and of the pressure in the posterior vena cava, the plethysmograph gives an idea of the circulation in 
the kidney which is adequate for many physiological and pathophysiological investigations. 


: 

; Fig. 1. Plethysmograph for the kidney (new model). 
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SUMMARY 


The renal plethysmograph consists of two separate kidney-like half-molds. The surface of these half- 
molds is covered with thin rubber of a special shape. The rubber is attached with the aid of a ligature at the 
edge furrow. The ligature around the portals of the plethysmograph is placed along the figured furrow and is 
held in place by means of miniature bitts. This instrument may be employed both in air and water plethysmo- 


graphy. 
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